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which is ensured by adopting all the newest im- 
provements in fire-arms. But the obstinate relue~ 
tance which all our previous Governments have 
shown to enter upon the, to them unwelcome, duty 
of investigating and experimenting on warlike in- 
ventions, necessitates strong “pressure from with- 
out;” for it may be truly said that all great 
improvements in Gunnery in England have been 
forced upon the authorities by absolute necessity, 
and it is still a question whether we shall profit by 
our recent experiences, or, as before, allow war to 
find us unprepared. We have, doubtless, armaments 
of gigantic proportions, and mammoth vessels of 
war, capable of discharging an ordinary ship’s cargo 
of shot and shell at a broadside; yet while millions 
have been thus expended, the improvement of the 
Gun, without which they would be mere masses of 
wood, and targets for more skilful opponents, has 
been neglected. 

The Gun and its rroyxorre will decide the victory 
in future fights. Indeed, we are even now waging war 
with our neighbours,—not on the battle-field or the 
ocean waye, but in the foundry; engineers being our 
generals, and founders our admirals. The present 
able ruler of France is actively at work, while 
we are but looking on: he is casting cannon the 
like of which have never been seon, while we are 
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be behindhand in Gunnery; for improvements in | 
cannon and projectiles cannot be carried a! | 
private enterprise. 

Tn thus strongly expressing my opinion of the way 
in which progress is balked, L am not merely echoing 
a cry, but speaking from my own knowledge and 
experience, I am actuated by no feeling of disappoint- 
ment, for my invention of “the expansive bullet” has 
heen at last adopted here, after it had been copied in 
France, My object is to induce public investigation 
and inquiry, and to ventilate this important subjects 
and I trust that my antecedents, and tho fulfilment 
of my predictions in matters of Gunnery, will give 
weight to this deliberate and disinterested expression 
of opinion. 

The great favour shown by lovers of shooting to 
my former efforts to disseminate a better under- 
standing of the principles of Gunnery, has been an 
additional stimulus to the production of the prosent 
work; and I have taken especial care that my 
observations should tend to the improvement of sport- 
ing arms, and the inereased safety of the sportsman, 

Nor has the ingenious mechanic been overlooked, 
for perfection of gun-manufacture must ever go hand 
in hand with scientifie principle; and the desire to 
promote their combination has prompted my endea- 
vours to elucidate the subject, 
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Leaving to the reader to determine how far I have 
succeeded in my efforts, I merely wish to add that I 
make no pretension to literary style, but have aimed 
to produce a practical work for practical men. I 
have drawn upon my previous works for sych por- 
tions of information as were noedful to give complote- 
ness to this view of the science of Gunnery, its present 
state, and probable future. 


Wiuiam Greener. 


Aston New Town, 
September 8rd, 1858, 
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gave facilities to man to capture the wild 
food, probably before their use was required 
purposes of war. ‘The bow and the sling were 
first means invented, and next only to the huma 
for projecting bodies with an offensive aim: the 
principle which, to the present day, reigns unri 
developing the ruling passion of man to injure, 
remaining himself in comparative safety,—* se 
servation” being “the first law of nature.” 

To the bow and sling were soon added 5] 


been used by the Jews. David destroyed G 


with a stone from the brook. The invention of 
sling is attributed, by ancient writers, to the PI 
cians, or the inhabitants of the Bale: ul 
The great fame that these islanders obiainad aro 
from their assiduity in its use; 1 


top of a pole with a stone from a cling. From 
accounts left as (probably fabulous), it appears that 
the immenso foreo with which a stone could be pro- 
jected, can only be exceeded by modern gunnery, 
Even at that early age, leaden balls wore in use as 
projectiles; though we cannot put much faith in 
Seneca’s account of the velocity being so grent as 
frequently to melt the lead. The use of the sling 
continued over a long period of time, even as late 
as the Huguenot war in 1572, 
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quite ovident they are only excelled by th 
portable, and simply constructed, artillery of 


day. 

‘The groat artillorist of the Sicilians, Arc 
seems to have made some of the most po 
engines; but he, considering any attention 
chanics as beneath the philosopher, has not 
‘an account of any one of them. 

Tt is said of the cross-bow that a quarrel 
be projected from them 200 yards, so that we may 
imagine the force with which one of these Iw 


some of our bygone archers. Should it be true, as 
stated, that un arrow could be shot nearly 700 yards, — 
we can casily conceive the immense velocity with — 
which it must have left the bow; this range being 
quite cqual, if not superior, to that of the late un= 
improved rifles. Though we must bear in mind, that 
the peculiar shape of the arrow fits it to cut the 
atmosphere with less resistance then the half sphere 
of a bullet; and hence one reason of its obtaining an 
extensive range. There is a story told of the famous 
Robin Hood, and Little John, “ who could shoot an 
arrow a measured mile,” We suppose the mile was 
the reverse of an Irish one, or they had the advan- 
tage of a precious stiff gale of wind. Historians 
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are still extant, of which we have drawings and de~ 
scriptions, must have been of very little service com- 
pared with those of the present day. The English 
musqueteer was formerly a most encumbered soldier, 


“He had, besides the unwieldy weapon itself, his 
éoarse powder for loading in a flask, his fine powder 
for priming in a touch-box, his bullets in a leathern 
bag, with strings to draw to get at them, whilst in his 
hand were his musket-rest and his burning match; 
and when he had discharged his piece, he had to 
draw his sword in order to defend himself. Honee 
it became a question, and was so for a long time, 
whether the bow did not deserve a preferenee over 
the musket.”* 

‘The mention of tho dong-bow is frequent in English 
history, and its use contributed, in no mean degree, 
to many important victories. Perhaps it might be 


* Grosc’s “ Military Antiquitice.” 
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an offensive character ; hence the perfection that was 
attained in the manufacture of mail, of every variety, 
during the fourteenth and fifteenth centuries. The 
splendid manner in which some of the chivalrous 
knights of that age chose to have their armour con- 
structed and ornamented sometimes proved fatal to 
themselves. Froissart relates that Raymond, nephew 
to Pope Clement, was’ taken prisoner, and put to 
death by his captors, in order that they might become 
possessed of his magnificent armour. Those gorgeous 
and costly fabrications were likwise doomed to give 
place to the advancing knowledge and skill of succeed- 
ing generations ; being now only known as matters 
of history, and regarded as valuable curiosities. So 
late, however, as the latter part of the sixteenth 
century, armour formed part of the military equip- 
ment; and the French cavalry, called carabins, are 
described as having the cuirass sloped off the right 
shoulder, that they might the more readily couch 
their checks te take aim, while their bridle arms 
were protected by an elbow gauntlet. 

The invention of portable fire-arms is awarded to 
the Ttalians by Sir Samuel Meyrick, and, in a memoir 
in the Archrologia of the Society of Antiquarians, he 
has named the year 1430 as the precise period of 
their introduction, 

We have already stated that cannon, or heavy 
ordnance, was in use in the English army in 1827, 
more than a century before that time, It is not 
improbable, however, that the Italians were the 
originators of small fire-arms, for they had for many 
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of its unwieldy and inefficient construction. It is com~ 
posed of a tube of iron, whose joint or overlap is as 
its length ; upon this is a succession of iron hoops, 
composed of iron three inches square, being in fact 
immense rings; these appear to have been driven on 
while red hot, and thus, by their contraction, forming 


a much stronger gun, when combined with the interior 
tube, than the generality of accounts given of ancient 
guns would lead us to expect. It will be perceived, 
that to describe it as “ composed of iron bars hooped 
together,” is not correct. We may also mention, that if 
parties describing guns of this primitive manufacture 
will observe accurately, they will find that this is the 
general method by which they have been fabricated. 
They all appear to have been loaded by remoying a 
breech part, or chamber, inserting the charge, replac- 
ing the chamber, and securing it by wedging it behind; 
as will be seen on a close inspection. No means of 
raising or depressing the muzzle appear available; 
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tainty and greater rapidity, the burning match to 
the pan. 

The difficulty of using an instrument thus objec- 
tionably constructed, was in some degree obviated 
by the Germans; who, together with the Italians, 
wore no doubt at this early period the principal 
manufacturers; they effected this, to a certain degree, 
by giving the stocks a crooked form, so that the 
breech could, with more ease, be brought to the level 
of the eye; this was, however, only an alteration of 
form, without involving any principle or leading 
feature of mechanical invention. Succeeding the 
match-lock, in the progress of improvement, came the 
“pyrites wheel-lock,” an invention then looked upon 
ag exceedingly curious and ingenious; this also is 
ascribed to the Italians, and one of the first occasions 
of its being used, is said to have been when Pope 
Leo X. and the Emperor Charles V. confederated 
against France. Whether the Italians are fairly 
entitled to the morit of this invention is, however, a 
matter of doubt, as it is well known that» wheel-locks 
were for a long period manufactured in Germany. 

The “ snaphaunce,” or fire-lock, is distinetly stated 
hy Grose to be of Dutch origin,—hence the name. Tt 
‘was introduced into England in the reign of Charles IL, 
though its general adoption is stated not to have 
taken place until the reign ‘of William IIL, about 
1692. Since that period, until the present, their use 
has been general in all the armies of Europe. How 
strange it seems that the Chinese and other Asiaties 
should have only the match-lock to the present day, 
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alterations which have been made in gun-locks in 
England, have been with a view to simplify the 
machinery, and obtain the greatest quickness in firing: 
much complication has been discarded; a thorough 
conviction having seated itself in the minds of 
Englishmen, that to attain perfection, simplicity must 
be combined. 

Many splendid emanations of genius are left to us, 
consisting of complex mechanism for gunnery. The 
most perfect we have ever seen, is a pistol made in 
Spain about the ond of the soventeenth century. 
By moving a lever towards the butt-end, while the 
muzzle is depressed, the lock is primed, half-eocked, 
and the hammer shut down; return the lever, the 
powder is in the breech, and the ball before it. We 
have seen it fire twenty-six shots without a failure, 
and with one supply of ammunition. The magazine 
was in two tubes in the stock. The chance of 
blowing up was thought remote; but it eventually — 
blew up. In short, it vould be strictly advantageous 
to inventors in gunnery, to be cure that there has 
been no previous invention combining their principle 
as well as their arrangements. 

The mine of complex inventions was exhausted 
during the last century ; and the greatest benefactor 
to the science of gunnery will be he, who, blowing 
away the cobwebs of mystery, renders its principles as 
clear as the silvered glass. Nothing now remains 
of the beautiful machinery of the flint lock; the 
faney cock and hammers have given place to a 
“simple” hammer, striking on a copper thimble, 
covering a steel pivot. What would the old lock- 
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but every veal mechanic must see on investigating the 
subject, that the principle was as perfect as that 
which is now in use. Mr. Colt had considerable 
difficulty in securing a patent for his revolver, The 
right of patent hinged on this simple question: did ho, 
or did he not, first introduce a crank or lever for 
revolving the chambers during the cocking of the 
Jock? After an expensive trial it was decided that 
he did introduce it; though doubts are still entertained 
whether there is not now extant a pistol haying the 
same crank moyement as that found in the * Colt” 
and other revolyers. At all events the invention of 
revolving pistols originated with our progenitors, more 
than 200 years ago, though their re-introduction is 
unquestionably due to Mr, Colt; and the “old broth 
warmed up” has no doubt proved more nutritious than 
the original concoction. In the Paris museum, a 
number of breech-loading guns are to be seen; I think 
more than sixty varieties. Many of them aro highly 
ingenious, displaying great mechanical knowledge and 
working skill, and the whole, kept in splendid order, 
cannot fail to command attention, 

Well had it been if the many hundred inyentors 
in England and elsewhere had studied, and made 
themselves intimately acquainted with the produc- 
tions there to be seen in such abundance, Monuments 
they are of mis-spent skill and. labour; samples of 
the almost hopeless task of fabs 
machinery which shall resist the 
gases at high pressure. An experiment, 
over two hundred years, but unattended 
notwithstanding all the skill and ingenuity brought to 








CHAPTER IT. 
ON GUNPOWDER, 


Goxrowner being the base on which the super- 
structure of this treatise is to be raised, the history, 
the use, and the nature of this explosive compound, 
are here placed in the foreground; as it is essential 
to the correct conception of the various matters here- 
after to be explained, that the reader be first 
acquainted with the one grand principle in fire-arms, 
the propellant power of explosion. 

Gunpowder, whether considered relatively to en- 
gines of war, or to those arms used with so much 
success in the sporting field, has, since its first 
introduction, been a source of much and frequent 
discussion. In regard to its origin, we shall not 
much enlarge, nor repeat the many suppositions and 
conjectures promulgated by the searchers after anti- 
quarian evidence. 

The inhabitants of India were unquestionably 
acquainted with its composition at an early date. 
Alexander is supposed to haye avoided attacking the 
Oxydracea, a people dwelling between the Hyphasis 
and Ganges, from a report of thei 
supernatural means of defence: 

“they come not out to fight those who attack them, 
but those holy men, beloved by the gods, overthrow 
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mixing them.” Here all the ingredients of gun- 
powder are mentioned, except charcoal; which is, 
doubtless, concealed under the barbarous terms used ; 
indeed, the anagram is easily converted into car- 
Sonu pulvere, with a little attention. 

‘This discovery has also been attributed to Schwartz, 
a German monk, and the date of 1320 annexed to it; 
a date posterior to that which may be justly claimed 
for Friar Bacon; and as accident is stated to have 
been the means by which he discovered it, we have 
taken that incident as the subject of an illustration, 


Mr. Hallam, referring to the authority of an Arabie 
author, infers that there is no question that the 
knowledge of gunpowder was introduced into Europe 
through the means of the Saracens, before the middle 


of the 18th century; and no doubt its use then was 
more for fireworks, than as an artillerist projectile 
force. There is good evidence, too, that the use of 
gunpowder was introduced into Spain by the Moors, 
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‘but they have not the same projectile force, nor can 
they be used asa substitute for it. Several experi 
ments have been made with compounds of this nature, 
but the result is the reverse of what might be expected. 
Nothing can resist the exceeding intensity of the 
action of fulminating powder; a shot, when fired in this 
way, is not projected as by gunpowder, but is split 
into fragments by the velocity of its explosion, as we 
shall hereafter have occasion to show. 

Nitre, or saltpetre, is strictly the essence of gun- 
powder. It is a triple compound of oxygen, nitrogen, 
and potassium. The chemical action of those elements 
on each other, and the play of affinities between them 
at a high temperature, occasion the immense offect pro- 
duced by gunpowder on the application of fire or heat. 
By universal consent, sulphur is included in themixture, 
but it is not absolutely necessary for the “ propellant 
power;” for nitre and charcoal only will generate 
effects similar to the compound with sulphur. Gun- 
powder made without sulphur has, however, several 
bad qualities ; it isnot, on the whole, so powerful, nor 
80 regular in its action; it is also porous and friable, 
possessing neither firmness nor solidity. It cannot 
bear the friction of carriage, and in transport crumbles 
into dust. The use of sulphur, therefore, appears to 
be not only to complete the mechanical combination 
of the other ingredients, but bei 
bustible substance, it increases th 
augments tho propellant power, an 
render the powder less susceptible of injury from at 
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swas appointed by the Government, in the year 1794, 
to experiment upon the best proportions and consti- 
tuents of gunpowder for the use of the French service. 
‘The following were the proportions of five different 
kinds prepared at the Essonne works :— 








The first and third, after 200 discharges with the 
proof mortar, were declared the strongest, and the 
third proportions were adopted at the recommenda- 
tion of the commissioners. Some few years elapsed, 
and the first, owing to its better keeping quality, was 


substituted, as it contained less charcoal, and a little 
more sulphur, The French Government having always 
heen extremely impressed with the value of durability 
in gunpowder, they have since returned to their 
ancient proportions: 75 nitre, 12} charcoal, 124 
sulphur. The charcoal, the absorbent of moisture, ~ 
being further reduced, and the sulphur, the preserving 
ii ient, being increased in the same ratio, 

“ Mr, Napier tried a small quantity made of nitre 
and charcoal only, and was much surprised to find it 
project a shot as far as the best powder made i in the 
usual manner. It is found that, 
sulphur is advantageous; but, it 
ounces, the projecting force is 
as with it. Therefore, under certain circumstances, 





sulphur may be dispensed with; but to make a good 
gunpowder, nitre and charcoal are indispensable.” 

Amongst the brilliant discoveries of modern 
chemistry may be classed the development of the fact, 
that a chemical combination, to constitute the same 
compound, always takes place in definite and unalter- 
ableratios. To select one example out of a multitude: 
one atom of carbon combining with two atoms of 
oxygen produces the gas; because more would 
answer no useful end. So, with reference to the 
sulphur, if it enter into combination only with the 
potassium—the base of the nitre—the sulphur should 
be in that proportion to form the sulphuret of that 
motal; and in this case there would be no superfluity, 
for that would only add to the weight of the charge of 
powder, and diminish its absolute and effective energy. 
‘The view of the case which we have taken supposes 
only two combinations, viz. carbon with oxygen, and 
sulphur with potassium. Should there be a more 
diversified play of affinities, and the several elements 
of the powder enter into more complicated action, 
accurate analysis would conduct us through all diffi- 
culties, and point out what the proportions of the 
ingredients ought to be in order to sustain that action, 
and to produce a perfect ultimate result. 

We thus perceive how analysis bears upon the case. 
We can see by such reasoning on the subject, that, 
theoretically, there can be but one set of proportions 
calculated to produce the best and strongest gun- 
powder, and that those proportions must depend upon 
the established and unerring laws of nature, The 
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proportions, then, for gunpowder, by these considera~ 
tions, will be those in which the carbon will just 
consume the oxygen of the nitre, and combine with 
the sulphur as much as will exactly saturate the 
potassium. This will be effected by an atom each 
of nitte and sulphur, and three atoms of carbon; or 
nitre 75°, charcoal 18°8, and of sulphur 11-8. 

In the present improved state of chemical science, 
when the nature of the bodies comprising gunpowder 
is ao well known, as well as the compounds resulting 
from their action on each other, the proportions we 
have named may be taken a the beat for practice, 

The chareoal should, in particular, not be less than 
the nitre, as the smallest portion less than the whole 
atom would be the same as to leave out the whole 
atom, in which case there would be no carbonic oxide 
formed. If, for example, instead of the proportions 
of nitte 75°, charcoal 16-2, sulphur 15, the carbon 
were 16, then there would be 4-2 of carbon left in 
the residuum, and no carbonic oxide would be 
formed, since bodies cannot unite but in definite 
proportions. 

From these considerations we can perceive the 
reason why a small proportion of carbonic oxide is 
always formed during the decomposition of nitre by 
charcoal; for it will be evident, that as the nitric 
acid contains five atoms of oxygen, four of these must 
combine with two atoms of carbon to form two atoms 
of carbonic acid, while the odd atom of oxygen is 
compelled to take another atom to form carbonic 
oxide, But this is not the case in the combustion of 
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Gunpowder consists of a very intricate mixture of 
sulphur, carbon (charcoal), and nitrate of potash 
(nitre). 

The proportions in which they exist are one equi- 
yalont of nitre, one of sulphur, and three of carbon. 
The great explosive power of gunpowder is due to 
the sudden development from its solid constituents of 
alarge quantity of gases; these gases are nitrogen 
and carbonic acid. 

At the ordinary temperature of the atmosphere 
these gases would occupy a space three hundred times 
greater than the bulk of the gunpowder used; but 
owing to the intense heat developed at the moment of 
explosion, the gases occupy at least 1,500 times the 
bulk of the original gunpowder. The mixture, con- 
sisting of one equivalent of nitre, one of sulphur, 
and three of carbon, would yield three equivalents 
of carbonic acid, one of nitrogen, and one of 
sulphuret of potassium. The change may be repre~ 
sented thus,— 


$+C,+KONO,=3C0,4+N+KS. 


The only solid residue, therefore, is the sulphuret 
of potassium, and this is the compound which pro- 
duces the sulphurous odour on washing out a 
gun barrel ; water is decomposed, sulphuretted hydro- 
gen and potash being the result of the decompo- 
sition. 

Now supposing the clements of gunpowder to exist 
in these proportions, it is essential, in order to secure 
their perfect combination, and thus to produce the 





largest possible volume of gas, that the elements 
should be in the most minute state of subdivision. 
Chemical action is a force exerted at insensible dis- 
tances only, and chemical substances having the 
greatest affinity for each other will not combine, 
unless their clements are brought into immediate 
eontact: thus oxygen and hydrogen may be mixed 
together in the exact proportions to form water; but 
no chemical combination will occur, simply because 
the ultimate particles of the two gases are not 
sufficiently near to each other for their chemical 
affinities to be brought into play; if, however, these 
gases are subjected to very strong pressure, so as to 
Dring their particles into immediate contact, com- 
bination occurs, and the production of water is the 
result. 

Tn order to insure the perfect combination of the 
elements of gunpowder the same conditions are neces- 
sary; that is to say, the ultimate particles of the 
nitre, charcoal, and sulphur, must be brought into 
the most direct contact, or the explosive power of 
the gunpowder will be comparatively trifling. If, for 
instance, the nitre, charcoal, and sulphur be pounded 
in a mortar, no explosion but a slow combustion will 
occur when the mixture is ignited; ‘so that unless this 
intimate mixture of the elements is carefully attended 
to in the manufacture of gunpowder, it is easy to see 
that the article produced will be of comparatively 
little value. 

It is evident then that if tons of the elements of 
gunpowder were stored in a warehouse which acci- 





dentally caught fire, no explosion would occur from 
the formation of gunpowder ; though its ingredients 
would greatly increase the rapidity of combustion. 

This remark is elicited by the recollection of a 
fearful explosion which took place at Gateshead in 
1854. 

Tt may be remembered that a warehouse caught 
fire from an adjoining mill, and the explosion was 
supposed to have been produced by the ignition of 
the elements of gunpowder stored in the warehouse 
in a crude state. The upper story of the building 
contained a large quantity of crude sulphur, and the 
basement story about the same quantity of nitre, 
whilst chemicals of various kinds were stored in other 
parts of the building; but according to the accounts 
published there was no large quantity of carbon in 
the warehouse ; nevertheless, a terrific explosion took 
place, and after a lengthened investigation, the 
conclusion arrived at was this: the sulphur melt- 
ing, mixed with the nitre, gunpowder was thus 
formed, and igniting, exploded, producing the ter 
rible effects. 

But gunpowder may be made without sulphur, 
whereas gunpowder without carbon is an impossi- 
bility; and though the elements of gunpowder had 
all been present, no explosion could have occurred, 
unless they had become mixed in the intimate manner 
already described. 

Tt is true some of the chemical substances in the 
warehouse might have produced a fearful explosion: 
but a more plausible explanation is to be found in the 
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sporting gunpowder may be beneficially and com- 
pletely exploded in a barrel of 14 bore, 2 feet 6 inches 
long, with a resisting projectile one ounce in weight 
above it. This, however, being more than a double 
charge for such a gun, cannot be pleasantly practised ; 
and it is only assorted by way of argument. 

Assuming, then, for argument’s sake, that six 
drams of gunpowder are exactly consumed in pass- 
ing from the breech to the muzzle of a gun_2 feet 
6 inches long, and that the shot, therefore, acquires 
its greatest velocity as it leaves the muzzle, it follows 
that the ordinary charge of 2} drams will be wholly 
consumed before it has traversed half the length of 
the barrel, and consequently the charge of shot must 
here acquire its greatest velocity. It is certain, 
then, that the shot must trayel the latter half of the 
barrel at a diminished velocity, and its velocity must 
continue to diminish as it passes up the barrel; for 
two obvious reasons—lIst, The column of air in front 
of the charge is more condensed, and thus offers a 
greater resistance to the exit of the charge; 2nd, 
The velocity is continually diminished by the in- 
creased friction of the charge against the barrel. 

The perfection of projectile science is to make the 
projectile acquire its greatest velocity at the instant 
of leaving the muzzle; and if, by increasing the size 
of the grain of gunpowder, we can diminish the 
rapidity of its explosion—thus ca it to burn and 
generate fresh gas up to the muz: ie gun—the 
projectile will then acquire its greatest 
leave the gun to the best advantage: this is the 
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gun itself must be perfect in construction, and the 
expellant force must be brought to bear in the best 
possible manner upon the projectile; and this is 
to be done by attending to the granulation of the 
powder, which must be suited to the length of the gun, 
to its bore, and to the weight of the projectile. 

Common-sense, engincoring skill, will demonstrate, 
that according to the weight of matter to be projected 
must be the nature of the expellant; accumulative 
—until it has overcome the inertia of that matter, 
accelerative—until it has communicated to it the 
highest state of velocity its power is capable of 
effecting. If, on the other hand, it is inferior to 
this, science las not extracted from it the full Aerse- 
power it contains; and we are usclessly expending 
force and destroying our engines by undue pressure 
being exerted on one part, and inferior pressure on 
another ; whilst by a proper distribution of that foree, 
durability of the cannon is insured, and from twenty- 
five to thirty per cent. more work may be obtained. 
from an equal quantity of powder, provided its granu- 
lation be judiciously selected according to the area 
of the gun. 

There is abundant proof that on this engineering 
question we have hitherto worked by the “rule of 
thamb ;” prejudice having been a stumbling-bloek, 
which nothing but stern necessity will remove. The 
authorities have but just discovered this, although 
their attention was directed to it several years ago. 
Tn the year 1852, T produced before the Small Arms 
Committee, at Enfield, a portion of gunpowder suited 


h 








36 GUNPOWDER. 


the muzzle, then the force of 5,000 lbs, will be dis- 
tributed over the whole length of the gun. 

But this is not all. The fine powder, igniting 
almost instantaneously, exerts its force in all direc- 
tions at once, and the barrel may burst at the side 
before the charge has time to move; whereas the 
coarse powder, igniting as it does more slowly, first 
lifts the charge, and then the volume of gas behind it 
increasing as the powder becomes more thoroughly 
ignited, sweeps the charge out of the barrel with a 
velocity increasing towards the muzzle. 

If time is not given for the charge to receive the 
full advantage of the expansive force of the generated 
air, the force is exerted, not upon the charge, but 
upon the barrel of the gun itself; and that time is 
necessary for the full development of this force, is 
proved by the fact that miners mix their gunpowder 
with sawdust, in order to diminish the rapidity of its 
explosion and thus get the advantage of its foree in 
the distance: from the miners, then, let us learn how 
to obtain the greatest benefit from this force, and 
waste it not. 

There can be no doubt of the importance of this 
principle; little progress has, however, been effected 
from want of scientific illustration; let it be defined 
like that of steam power, and its adoption will follow 
as a natural consequence, 

For several years I haye had gunpowder manufac- 
tured of various sizes, at the sight of which most 
sportsmen would express their astonishment. 

One objection held by sportsmen to the large 
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different varieties of guns. Artillerists who contend 
that 4 medium size grain, to suit all sizes of gun, is 
advantageous, might as well contend that cannon of a 
medium size would be preferable to so many different 
sizes, because, though we lose in range, aecuracy, and 
recoil, it would be more convenient to have but one 
sized gun. 

Tn making large grained gunpowder, the manu- 
facturers defeat one of the main objects to be gained 
by granulation, from not subjecting it to the same 
amount of pressure which is necessary for the 
granulation of the very fine grain. In granulating 
very fine powder, it is necessary to subject the cake 
to such an amount of hydraulic pressure as shall give 
the mass a marble-like structure, or during the 
process of granulation, tho whole of it crumbles into 
dust; but the coarser ganpowder may be granulated 
without subjecting it to this high degree of pressure, 
hence each grain is more porous and of lesser specific 
gravity: a difference which it is most important to 
avoid. Tt is clear, therefore, that according to the 
present mode of manufacturing gunpowder, the large 
and the fine grain are of very different kinds; the main 
difference being in their specific gravities. Gunpowder 
of less density burns with greater rapidity, because 
it is more open and porous; and if uniform density 
was observed, the diversity in the size of the grain 
need not be so great; whilst, at the same time, this 
anomaly might be avoided—that the same measure of 
fine and large-grained gunpowder contains a difference 
of the expansive clement amounting to fifteen or 
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the stain the more inferior the gunpowder is held to 
be. This test is, however, decidedly fallacious, because 
the gunpowder may he of low specific gravity, or it 
may have become friable from age and other causes. 
Whales are shot with gunpowder proportioned to 
tho weight of the harpoon required to kill them. 
Duck guns of the largest calibre are comparatively 
useless unless the gunpowder used is granulated 
according to the weight of the projectile; and the 
same law holds in regard to the most * mammoth” 
engine yet to be devised by the mind of man. 
Gun-cotton has been before the world for some 
years, but, except as a curiosity, it has attracted little 
public attention ; neither has it gained any reputation 
as a projectile foree. It may be prepared by steeping 
cotton wool for a few minutes in a mixture of nitric 
and sulphuric acids, thoroughly washing, and then dry= 
ing at a very gentle heat. It consists chemically 
of the essential elements of gunpowder: viz. carbon, 
nitrogen, and oxygen; but, in addition, it contains 
another highly elastic gas, hydrogen. The carbon in 
the fibres of the wool presents to the action of flame 
a most extended surface in a small space, and the 
result is an explosion approaching as nearly as pos- 
sible to the instantaneous: in consequence of its 
rapid ignition it produces a violent kick ; sufficient 
time is not given to put heavy bodies in motion, hence 
it cannot be usefully employed as a projectile agent. 
No one who values his limbs should trifle with it, 
for fearful accidents have resulted from its exposure 
to the heat of the sun, and other very simple causes, 








fusing, and when in that state, skimming off the im- 
purities: it is cooled and pulverised in the same way 
as the other two ingredients, The three ingredients, 
after being carefully weighed in their due proportions, 
are sifted into a large trough, and well mixed together 
by the hands. They are then conveyed to the powder 
mill. This is a large circular trough, having a 
smooth iron bed, in which two millstones, secured to a 
horizonal axis, revolve, traversing each other, and 
making nine or ten revolutions in a minute. The 
powder is mixed with a small quantity of water put 
on the bed of the mill, and there kept subject to 
the pressure of the stones; and if we calculate 
the weight of the two millstones at six tons, it 
follows that in four or five hours’ incorporation on 
this bed, it subjects the ingredients to the action of 
full 10,000 tons. It is this long-continued grinding, 
compounding, and blending together of the mixture, 
that alone renders it useful and good. After this 
intimate mixing, it is conveyed away in the shape of 
mill-cako, and firmly pressed between plates of copper. 
Bramah's press has been introduced of late years—we 
should say with a good deal of improvement to the 
powder, as will be shown hereafter—and by its 
means the mass is more compressed and in thinner 
cakes. It is then broken into small pieces with 
wooden mallets, and taken to th corning - house, 
where it is granulated, “by putti into sieves, 
the bottoms of which are mado of bullocks’ hides, 
prepared like parchment, and perforated with holes 
about two-tenths of an inch in diameter; from twenty 
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does not explode, Fire a solid piece of mill-cake, 
and it does not flash off like unto granulated 
powder, but burns gradually, though with an extreme 
fury, until the whole is consumed. This arises 
from its density, the compression in the press; it 
also teaches us one fact, that to be of the greatest 
serviee, the time each grain should occupy in 
burning should be proportioned to the size of the gun 
for which it is required; since it is clear that the 
explosion of a heap of gunpowder is but the rapid 
combustion of allits parts, This action, as is well 
known, is so rapid, even in a large quantity of 
powder, that it appears to be a sudden and simul- 
taneous burst of flame; though philosophically and 
actually it is not so. 

Fine grain, when unconfined, explodes quicker than 
large, or is sooner burnt out, and consequently gene- 
rates more force in the same period of time; but 
when it comes to large quantities, its very quickness 
is detrimental to its force, by condensing the air 
around the exterior of the mass of fluid which thug 
constrains its bound. In small quantities, the pro- 
portion of condensation is not so apparent, and hence 
the reason why greater velocities can be obtained with 
small arms than with cannon, 

‘There exists a diversity of opinion in regard to the 
strength or projectile force of gunpowder. Dr. Ure 
remarks—* If we inquire how the maximum gaseous 
volume is to be produced from the chemical reaction 
of the elements of nitre on charcoal and sulphur, we 
shall find it to be by the generation of carbonic 








acid will be generated, and the less 
foreibly explosive will be the gunpowder. This was 
confirmed by the experiments at Essonne, where the 
gunpowder that contained twelve of sulphur, twelve 
of charcoal, in 100 parts, did not throw the proof 
shell so far as that which contained only nine of 
sulphur and fifteen of charcoal. ‘The conservative 
property is, however, of so much importance for 
humid climates and our remote colonics, that it 
justifies a slight sacrifice of strength. 

When in a state of explosion, the volume,” Dr, 
Hatton calculates, ‘is at least increased eight times, 
and hence its immense power. The pressure exerted, 
if in a state of confinement, will depend on the 
dimensions of the vessel containing it; so that it 
would bo no difficult undertaking to obtain ony 
pressure aboye that of the atmosphere, up, we may 
fearlessly say, to the enormous amount of 4,000 lbs, 
per square inch.” 

The same quantity of gunpowder subjected to a 
variety of experimental tests, differs materially in 
its results; at the same time it is only by such a 
method that we can arrive at the relative strength 
or power which it possesses. Dr. Hutton, whose 
authority in all mathematieal caleulations is very 
high, and whose opinions and judgment in matters 
of this nature ought not to be unthinkingly contro- 
verted, states 2,000 feet per second (with cannon) 
as the highest velocity which any projectile had 
attained, ut the time of his writing, which had gun- 
powder for its propellant power. A much greater 








explosive fluid will escape by the small orifice like 
steam from a pipe. If the barrel be good, it may 
safely be held in the hand, merely using a towel to 
protect the hand from the heat the barrel absorbs. 
‘We haye done it repeatedly with no inconvenience, 
and even carried this experiment much further; 
firing two ounces of the best powder in a barrel of 
good quality (though not in the hand) yet the barrel 
did not receive any violent motion by which it could 
be inferred that it might not be done with safety. 

We have before observed, that, with very short 
guns, fine gunpowder produces the greatest result, 
inasmuch as there is no greater column of air in the 
barrel than the explosive fluid is equal to displace; 
or, in other words, the charge leaving the muzzle 
of the gun at the very moment when the explosive 
force is strongest, all the power is thus obtained of 
which it is capable; but if used in a longer barrel, 
and the fluid has obtained its greateet power when 
the charge has twelve inches of the barrel still to 
travel, the column of compressed air yet remaining in 
the muzzle of the barrel, exerts a resisting influence, 
in proportion to its density, upon the charge, and 
creates a dangerous and unpleasant recoil. 

Ifa cartridge be placed in the centre of an open 
barrel eight feet in length, having a bullet abutting 
at cach end large enough to fill the barrel, and a 
touch-hole is drilled as near the centre of the 
cartridge as possible, when it is fired, the balls 
will certainly be discharged from the barrel, but 
with a yery small degree of force: in fact, merely 
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‘The charge was next increased to three drachms, and 
the ball was extracted without any perceptible defect. 
In the fourth trial, another drachm was added, with 
which the effect was greater than the tube was able 
to resist; it was in consequence burst, about three 
inches from the muzzle. 

From this I infer that, in the first trial, the 
velocity of the ball was not so great, but that the 
air escaped past it, by what is technically called the 
windage, allowing it to strike the plug at the end of 
the barrel with sufficient force to alter the shape of 
the lead in the manner described. The second trial 
gave an increased velocity; the opposing forces being 
so nearly balanced that the ball scarcely reached the 
end of the barrel, and was very little injured. In the 
third trial the velocity became so great, and the air 
was condensed to such an extent, that the ball struck 
upon a cushion-like surface so highly elastic that it 
was extracted without the least injury to its shape. 
The last charge was too powerful, inasmuch as the 
lateral pressure of compressed air rent the tube asunder, 

The one great cause of this and other barrels burst- 
ing, arises from the velocity becoming too great, and 
thus driving back the air upon itself, until the mutual 
repulsion of the particles forms an almost impene= 
trable barrier, exerting a lateral pressure on the 
barrel, and resisting the passage of the elastic fluid. 
To make the explanation plain; supposing that the 
charge had condensed the air for the distanee of 
three or four inches immediately preceding it, and 
then come to rest, the waves of vibration, travelling 
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each other, in all amounting to sixty-eight; these 
were fitted with small pieces of steel needles, 
hardened, projecting into the interior of the tube 
@ quarter of an inch, so that the piston, in its 
upward movement, should strike these pins, and 
thus enable me to judge how far it was driven by 
each experiment. Each end of the tube was then 
fitted with a breech, firmly screwed in; the upper 
one having a flat internal surface, the lower one, 
where ignition was to be communicated, being a 
conical or patent breech. This machine I termed an 
explosion metre; and it answered its purpose. With 
two drachms of the best canister gunpowder, the 
piston was propelled nineteen inches along the tube; 
breaking eight pins. The same quantity of the 
fine diamond grain reached only eighteen inches, 
or four pins. No. 3 grain, of both Laurence’s and 
Pigou and Wilks’ manufacture, reached twonty- 
four inches, or twenty-eight pins. A very superior 
powder, containing in one grain five of diamond, 
four of canister, and two of the above makers’ No. 2, 
reached twenty-seven inches, and broke forty pins. 
In each of these experiments the greatest accuracy 
was observed, in preparing the metre as well as in 
weighing the charge. 

These facts go far to prove that, in all uses of 
gunpowder, the grain should be of a size Propor- 
tioned to the length and bore of ¢ 
have not an accelerating foree to overcome the 
increasing resistance of the compressed column of 
air in the barrel, there is great danger that the 
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laid aside, not only from the want of power to restrain 
its effects, but because it was useless, from the very 
extreme rapidity of its explosion: it forms tho 
atmospheric air into a wall of adamant, by the con- 
densation confining it to a comparatively small space ; 
it becomes lightning—an electric fluid, which, from 
its very intensity, cannot displace any great mass of 
air. 

Neither can any advantage arise from any greater 
velocity in projectile force, except we can obtain 
that by a graduated scale; for masses cannot, from a 
state of rest, be put in extreme motion instantane- 
ously: philosophy teaches us, and experience makes it 
evident, that a portion of time must be occupied, how- 
ever short that may be, All motion is gradual, and 
cannot be obtained otherwise; and hence tho fact, 
that lightning conveyed into a tube filled with projec 
tiles would not drive them out: it would not project 
them, but the blow would break them in pieces. So is 
it with this mixture ; it is uscless from its very rapidity 
of ignition. We have shown that even fino grain gun- 
powder is too quick, and that its quickness destroys 
its power ; how much more so is the other: and what 
would it avail as, with these disadvantages, 

A writer mentions what he conceives to be a curious 
fact: he says, “If a train of gunpowder be crossed at 
right angles by a train of fulminating mercury, laid 
on a sheet of paper on a table, and the gunpowder 
lighted by a red hot wire, tho flame will run on until 
it meets the cross train of fulminating mercury, when 
the inflammation of the latter will be so instantaneous 
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matter be so incorporated with the powder as to pro- 
long that explosion; bituminous substances might be 
applied with effect, for their slow burning would keep 
the heat necessary to hold the permanent gases at 
their utmost stretch of expansion. 

It is obvious, from the extremely high character 
English sporting gunpowder has obtained all over the 
world, that considerable improvement must have 
been effected by the private manufacturers, either in 
the purification or manipulation of ingredients ; indeed 
the unwearied care bestowed on this point by several of 
our best makers is beyond all praise. To explain the 
various methods, or otherwise enlarge upon this point, 
would be injurious to individual skill and enterprise, 
and be the means of imparting knowledge to those who 
have not ability to invent, but who gather from the 
brains of others. The French set great value on the 
‘Poudre de Chasse” of England. It is rather singular 
that we should excel those who pride themselves so 
much on their chemical knowledge; but, as before 
remarked, it is certain that the intimate incorporation 
of the ingredients is of more importance than the 
chemical proportions. 

All military and naval gunpowder is not manu- 
factured of the greatest strength that can be acquired 
“at the Government mills ;” ple is furnished 
to each contractor with each contract, and to this 
strength he is limited. 

The fame of our English gunpowder makers is 
patent to all the world, and, where skill is equal, to 
name one rather than another would be invidious; 








CHAPTER Ut. 
ARTILLERY. 


Ancuaita, from “arcus, a bow,” appears to have been 
the original name, and included all sorts of “missiles,” 
as well as the engines by which they were propelled. 
The aling, still in common use by the Arabs on the 
banks of the upper Euphrates, being most probably 
the first kind of artillery, and the bow and arrow a 
succeeding stage of improvement. 

Artillery, now in the general acceptance of the 
term, includes all and every deseription of gun, of 
greater power and dimensions than muskets and other 
shoulder guns. 

Modorn civilization, with its giant strides of ime 
provement, has rejected the cumbrous and unsightly 
complication of springs, levers and wheels ; and given 
to us, in their stead, the light and handsome six- 
pounder cannon; which is so easy of transit that it can 
accomplish the most complox and difficult movements, 
while the horses are at their fullest gallop. A single 
minute now suffices to stop when at the greatest speed, 
unlimber, load, fire a couple of rounds, and remount; 
the gun is speedily at a distance—while the eye 
can scarcely follow, or the mind imagine, the destruc- 
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in favour of whatever has been heretofore in use. 
To such an extent is this habit carried, that many 
improvements become familiar to half the kingdom, 
aye, and are adopted by other countries, before 
our guides take advantage of them: for truly talent 
and ingenuity are but scantily patronized by them. 
My wish is to aid in sweeping away the cobwebs 
which still hang on the science of great gunnery; and 
to push the spur of conviction deep, that instead of 
Britain following, she may, in a time of peace, lead 
the way in improvements; so that whenever war 
returns, she may not be unprepared to wage it on 
equal terms. 

I have in this chapter endeavoured to divest the 
subject of all extraneous matter, and impart as much 
information as will enable the reader to form an 
opinion for himself, and understand something of a 
science hitherto considered abstract, and which is, no 
doubt, abstruse. This I have sought to effect in 
plain language, avoiding, wherever it was possible, all 
technicalities. 

The guns of the British nation may be divided into 
four classes—Park, or Field artillery, Siege guns, or 
battering train, garrison guns, and marine artillery. 
The numbers of different descriptions of rates, or 
weight of guns, vary in all the different classes of the 
service. There are light, medium, and heavy six- 
pounders ; long and short twenty-four pounders; and 
two or more weights in all the varieties, even up to 
the ten-inch gun and thirtecn-inch mortar. We have 
iron ordnance and brass, for long and short ranges, for 
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require a greater degree of hardness than other guns. 
A peculiar property attaches to the using of brass 
guns. If a considerable number of rounds be fired 
in rapid succession, the bore of the gun becomes to 
a certain extent elliptical. This peculiarity arises 
entirely from the extreme windage allowed by the 
present established rules of British gunnery; and is 
produced by the tendency of the shot, when propelled 
by the explosive force, to strike upwards from the 
breech, and then rebound downwards, and so on till it 
reaches the muzzle. Iron guns are not liable to this 
(although the same cause exists) from the unductile 
nature of the cast iron. 

Brass guns are, after certain use, recast: thisis done 
solid, with the cascable of the gan downwards, to give 
& greater density to the metal at the breech. The 
boring and turning are performed simultaneously by a 
very simple arrangement. At the siege of Badajos, 
the firing continued for 104 hours, and the number of 
rounds that each gun fired averaged 1,249; and at 
the siege of Sebastian, the quantity fired by each gun 
was about 350 rounds, in 154 hours. These guns 
being of iron, none of them were rendered unservice- 
able; though three times the number of brass guns 
would not have been equal to such long and rapid 
firing. All brass guns aro bouched with a bolt of 
copper at the vent, on the same pri ‘iple as flint gung 
for sporting were formerly with gold or platina; 
copper withstanding the rapid escape of the flame 
better than the gun-metal, The charges, rangos, Se 
are as follows :— 
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to lessen the distance which the gun would be driven 
back, and facilitates the running out of the piece to 
the point of discharge. ‘The woodcut gives a repre- 
sentation of the traversing beds; and the following 
table displays the ranges, &c., of this class of heavy 
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@ rien! Sy} 10-Iscu Dizzo. pe pares 
"Greatest ae pope yards. ahs yards, 17h yards, 
Weronr or Laxp axp Sea Sexvice Moras. 


Carronades are » short description of ordnance 
without trunnions, but fastened by a loop under the 
reinforce. Their construction is materially different 
from that of guns. They have a chamber like a 
mortar, a part scooped out inside the muzzle, forming 
acup, and they have also a patch on the reinforce, 
The name arises from the Carron Foundry in Scot- 
land, the first of them pilin been cast there in 1779. 


The construction is considerably lighter than that of 
guns of similar calibre. Their principal use is on 
board ship ; but they are sometimes used in casemates, 
or retired flanks of fortresses. 
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The proportions of all guns to shot, will be found 
below; and in looking at this table, it will scarce 
be conceivable how such light guns can project such 
heavy shot. 


Compaxative Wetouts or Guxs axp Snot. 


in 
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The recoil, which in all the before-mentioned guns 
is very groat, arises from the blow communicated to 
the iron in immediate contact with the explosive 
fluid. The granulatory system of the metal transmits 
to those grains, or erystals, immediately behind them, 
the blow or concussion they are subjected to, and 
these again (o others, and so on, until the vibration 
has passed-through the metal, from the interior of the 
breech to the exterior of the gun. 

T am satisfied that in all small guns, from their 
slight substance, recoil is communicated a great deal’ 
quicker than in larger ones; hence arises the well- 
known fact that in shooting you receive a knock 
nearly simultaneous with the explosion. The greater 
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the exterior end of the breech, until it becomes 
of less thickness than the sides of the barrel, 
the recoil is doubled. Guns will some day be 
constructed as mortars are, with the axles, or tran= 
nions, in rear of the tube and of the vent; for by 
this arrangement recoil would act less on the mass 
of metal forming the gun, and more on the base 
from which it is fired. We are quite aware that an 
arrangement of this nature could only be applied to 
certain descriptions of ordnance, and in certain 
situations ; but on forts, or batteries commanding 
rivers and bays, and even in the bows of steam vessels, 
they may be placed with great advantage. But this ob- 
jection may be started: * You could not use guns fitted 
in this manner horizontally, or nearly so." Why not? 
The muzzle could be as easily raised or depressed as 
the breech, by mechanical means. I should much 
like to see the principle tried, and I hope to do so, 
The following results of experiments prove, that if 
a true basis is not laid down, all the fabric raised 
upon it is but one of sand, which will crumble 
away from under us, Hutton says,—‘ Varying the 
weight of the gun, produced no change in the velocity 
of the ball. The guns were suspended in the same 
manner as the pendulous blocks, and additional 
weights were attached to the pieces, so as to restrain 
the recoil; but although the arcs of the recoil were 
thus shortened, yet the velocity of the ball was not 
altered by it. The recoil was then entirely prevented, 
Sut the initial velocity of the ball remained the 
rame,” No doubt this was the result of his experi- 
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ments by the pendulous suspension of the gun: 
but here he erred; for had he suspended a thousand 
tons to it, without incorporating it in the gun, the 
result would still have beon the same. All the 
improvements effected, or yet to be accomplished, will 
bo obtained by a concentration of metal. 

An excess of weight in the fore part of a gun is very 
injurious, by inducing and lengthening the tremulous 
vibration created by the explosion. The only necessity 
for strength forward in a cannon, arises from the 
necessity of resisting the lateral pressure from the 
condensation of the column of sir in the tube. The 
pressure of the explosive gases is, by the velocity 
obtained before reaching thé fore part, of very little 
amount, from the short period it is exerted on the 
interior. Therefore weight, in the fore part of a gun, 
be it ever so great, will not prevent recoil if there is 
not a proportionate quantity behind. It will retard or 
lessen the distance to which the recoil will drive the 
gun and carriage, but the eyil ie then over. 

If the slightest movement occurs in the gun, the shot 
is projected from an unsound base or foundation, It is 
precisely similar to a man who, in the act of throwing 
a stone, slips his foot backwards: the effect is at 
once apparent on the stone. If the trunnion of a gun 
breaks in the discharge, ora quoin flies out, the shot is 
materially affected ; never ranging, under such circum- 
stances, the accustomed distance, nor with its usual 
accuracy. Practice with mortars proves beyond dis 
pute the necessity of a firm base for the gun, for with a 
much less charge they project a greater mass farther, 
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A mortar discharged on land, exceeds in range the 
same description of gun on board of ship, or on the 
best-constructed platform. In truth, this is but 
another illustration of a law of nature: if you haye 
not a solid fulcrum, it matters little what the power 
of your leyer may be. Gunpowder is a powerful 
lever if exploded on a solid base; if not, its effects 
become limited in proportion. Unquestionably, much 
may yet be gained by an economical arrangement of 
our projectile force. Great and rapid as have been the 
acquisitions of knowledge in everything relating to 
gunnery in modern times, there still remains, I have 
no doubt, an unexplored mine of valuable treasure to 
be added to the science. 

It would effect a great improvement in the mortars 
used by the navy, destroying the tremendous vibration 
and shake given to the ship, increasing their efficieney 
and aiding the projecting power, to place them on beda 
of the softest lead, not less than twelve inches in 
thickness. Though this suggestion is only theorotical, 
experience would soon determine the least degree of 
substance available. Advantage would arise, in tho 
first place, from the non-conducting tendency of the 
lead; in the second, from its density, and, of course, 
incompressibility. The one protecting the ship, the 
other being the most solid bed for the mortar that can 
by possibility be obtained. 

Tho weight of a hollow 13-inch shell is 1901bs.5 
the bursting powder 6 Ihs. 8 oz.; the weight, if cast 
solid, would be 290 Ibs.: thus the action of so large 
a body on the atmosphere must be immense of itself: 
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claimed a right to compete with Mr. Monk; and 
haye even obtained competing trials, without any 
claim whatever tothe discovery of the principle of 
it; coming into competition by no just claim or 
merit, but solely from the tendency to supersede any 
improvement emanating from a civilian, Eighteen, 
twenty-four, and thirty-two pounders are now, how- 
ever, constructed on this model ;—indeed the 
improvement is so great and so apparent, as to 
overcome every obstacle as yet thrown in its way. 


With no wish to detract from the merit of Mr. 
Monk's invention (upon which I congratulate him and 
the country) but, in justice to myself, I may remind 
some of my readers, that in “The Gun,” published 
early in 1835, I clearly laid down the principle in 


projectile force, on which this gun is constructed ; 
and as he has since so successfully accomplished this 
great improvement, he must permit me to say, that 
the principle is the same which I have striven for, for 
™many years. 

Wilkinson says, “ Guns cast on this principle, 
although several hundredweight lighter altogether, 
recoil less than those on the old plan, with equal 
charges of powder and ball, in consequence of the 
weight being properly distributed.” He adds, “One 
remarkable fact attended these experiments, namely, 
that by increasing the windage a little, the range was 
increased also, contrary to the received opinion; but 
this may be explained by the circumstance, that with 
very great velocities, and long guns, the column of air 
to be displaced before the ball quits the gun is con- 
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siderablo, and is condensed so rapidly, that it offers 
immense resistance to the passage of the bullet, if it 
fit the bore closely; but, by reducing the size of the 
ball, and thus increasing the windage, the air has 
more space to rush round it, and the ball escapes with 
greater facility.” 

If the condensed air prevented the velocity being 
greater, it argues most clearly, that there was an 
insufficiency of explosive matter to keep up the 
velocity until the ball of less windage left the muzzle; 
and the result with the ball of greater windage esta- 
blishes this assumption. For if the condensed air 
was allowed to pass the ball by the windage into the 
tube, it proves beyond doubt that there was a defi- 
ciency of matter there, or that the pressure without 
was greater than that within. How otherwise could 
such a result occur? It is a clearly established fact, 
that with the generality of ordnance, a full waste of 
one-fourth of explosive force, if not more, occurs by the 
elastic fluid escaping past the ball by the windage, in- 
stead of the reverse. Neither could the condensed air 
rush into the gun by the windage if there are any per- 
manent gases generated; which Mr, Wilkinson himself 
saysthere are, to the extent of “250 times the bulk of 
the powder in grain." These would offer a sufficient 
resistance to preveut the condensed air rushing in. 
I have found, by an experiment before described, that 
@ ball driven against a column of air which has no 
escape, if the velocity be trifling, say 800 feet per 
second, the air will escape by the windage; but double 
this even, and it is so condensed as to form a cushion 
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for the ball to strike against. Then how much less 
will the chance be of its escaping, if the velocity become 
two thousand four hundred feet per second. No, the 
cause is remote from that of Mr, Wilkinson's suppo- 
sition, There is a want of force—an accelerative pro- 
pellant foree—which should continue to the end of the 
tube, be that length ever so great; and on this point, for 
one, turns the whole future improvement of gunnery. 

The result wished for ean be obtained by a ays- 
tematical arrangement of the granulation of powder, 
That a much greater velocity than is obtained in this 
gun—at present the greatest in any piece of ordnance 
in use, and possessing a longer range than has been 
obtained by any power in Europe—may and will be 
attained, I fearlessly assert. I have obtained a velocity 
with an ounce ball nearly doubling this; and though, 
as it will be argued, this may be too limited an experi- 
ment, yet let us not forget that great results most 
frequently spring from little causes. Largo rivers owe 
their origin to small springs, and if the same principle 
by which we can penetrate a plate of iron half an inch 
thick with an ounce of lead, be fearlessly and judici- 
ously carried through, we may (and no doubt we shall) 
live to see projectiles thrown 54 miles. That this will 
bo difficult to accomplish I deny: no difficulty attends 
it, provided the principles before explained are duly 
carried out. 

‘The great principle in a propellant force is so to 
arrange it that you do not obtain too great a velocity 
at the first move of the projectile; as no mass can be 
forced from a state of rest to a rapid state of motion, 
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without communicating to the gun a corresponding 
motion, which will create a recoil: and the greater the 
motion, the greater the recoil. If the explosive matter 
merely expands for a brief period, and is burnt out 
before the shot has reached midway the length of the 
gun, the velocity there acquired will be reduced, by 
the condensed column of air in the other half of the 
barrel, to the velocity it possessed when only one 
fourth the length of the whole from the breech; con- 
sequently it would be advantageous to cut the gun in 
two at the middle, as a greater force would be then 
generated advantageously, than by the whole. But 
if you so arrange the granulation of your powder 
that it shall proceed into motion more gradually, a 
rapidly increasing force of elastic fiuid will continue 
to be generated, until it reaches its greatest maximum 
of yelocity (which it should do just as the ball leaves 
the muzzle) then you obtain with your means the 
greatest result possible. 

We believe that the generality of gunpowder used 
by our Government is vastly inferior in strength to 
some made by private makers; yet it is not advisable 
to jump from onc extreme to another, What is 
wanted is the proper blending of the qualities; an 
addition of a quantity of Harvey's quick powder to a 
charge, when it has driven the ball up three-fourths 
of the tube of a gun, and probably had acquired a 
velocity of 2,000 feet per second, might so aid it, that 
it would leave the muzzle with a velocity of 3,000. 

You cannot put a locomotive train in motion at 
‘once: if it were attempted, you would break all the 
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carriages; but if you gradually add your force, you 
gain in time the greatest possible velocity. I have 
drawn a parallel case: it is the same with gunpowder; 
only the velocities are widely different. Therefore, 
I may be pardoned, if I say gumery is like steam, 
but in its infancy. Let us but clearly see and 
understand aright the principle—knowing that the 
greater momentum the less the action of the atmo- 
sphere—and if 34 miles can be obtained with a ball 
60 Ibs. weight, 54 may be easily accomplished by a 
ball of 120 lbs. Powder is made, and can be had, that 
will do this. 

‘The use of compound-shot has of late years become 
quite common in experiments: why lead, with its 
alloys, has not been more extensively used as a pro~ 
jectile for large guns, has always appeared to me 
extraordinary. Its weight and density peculiarly fit it 
for this purpose, and its non-conducting principle is its 
greatest recommendation. How is it? Inno instanee, 
except as compound-shot, do we find any record of the 
use of leaden bullets on a large scale, save in Sir 
Howard Douglas's “ Naval Gunnery,” where, in a note, 
he says, “A very distinguished naval commander 
mentioned to me, that he knew a person who had 
served in an American privateer, which, being out of 
shot, and unable to procure a supply of iron balls, 
used leaden shot as substitutes. ‘This person always 
mentioned with great surprise the superior effect of 
leaden ball.” Well he might; for the reader need 
not be told that its greater specific gravity would add 
to its momentum, and a longer medium yelocity be 
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retained during its flight. But it possesses another 
recommendation, superior to all these, in warfare: 
that of communicating all its force, all its velocity, be 
they ever so great, to the body struck. Tron does not 
possess this quality; except toa certain extent, and that 
at low velocities. Hence the cause of its being found 
in nayal warfare, that balls at low velocities damage 
and destroy ships’ sides more than at higher velocities, 
even when passing quite through. Lead, in the act of 
striking hard substances, iron or stone for instance, is 
partially flattened, until the flat surface is nearly equal 
to the diameter of the sphere of the ball; thus parting 
with all the force it struck the object with, and in 
most instances falling motionless at the base of the 
object struck; while in the stone, the surrounding 
crystals or grains are, by their abrasion on each other, 
pounded into dust, in proportion to the size and force 
of the body of lead striking them : in many instances to 
many times the shot’s bulk, and only flattening the lead, 
less or more, in proportion to the capability of the stone 
to resist. Iron striking stone retains its shape: the 
grains are driven back upon each other, and each 
offering its proportion of elasticity, the ball is enabled 
to rebound back ; which it does in many instances toa 
considerable percentage of the whole distance it had 
been projected. The greater the velocity with which 
an iron ball is projected the greater the rebound back 
from a hard substance such as stone. Reversely, 
the greater the velocity of lead, the greater its 
effect on the object struck. Walls or fortifications 
struck by leaden balls at the same velocities (waiving 





the advantage to lead by its greater specific gravity) 
would be pounded into sand by less than two-thirds 
the same number of lead as of iron shot. Any unpre- 
judiced person may soon satisfy himself of this, by 
trying it with 2 musket or fowling piece. A leaden 
ball will pound itself a hole many times its own bulk, 
while an iron ball will not make a hole half its size. 

I have tried many experiments to ascertain the 
penetrating powers of iron and lead relatively, by 
striking various objects, from a boiler plate of half an 
inch thickness down to fir deals. The same size of 
lead will, under certain circumstances, punch a perfect 
hole in a plate of half-inch thickness, as I shall have 
occasion to show; while, under precisely the same 
arrangement, the iron ball would rebound back with 
very little diminution of force; and if the plate of 
iron be at a perfect right angle, the iron ball would 
nearly return into the muzzle of the gun. In trath, I 
had a narrow escape seventeen years ago, from a bullet 
actually cutting the rim of my hat: so that it will be 
well, when experimenting in this way, to be sure that the 
person is well esconced, for fear of unpleasant results, 

Lead, therefore, for destroying ships, as well as stone 
walls, is unquestionably highly advantageous; even if 
projected with the same velocities as at present adopted 
for iron. The additional weight would not decrease 
the destructive effects ; it would augment them. I 
perfectly agree with the American privateer, that the 
wonderfully destructive power of leaden cannon balls 
will create surprise, whenever they shall come gene- 
rally into use. Imagine the effect from a gun of the 
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amount of 31,861 rounds of the same sized iron shot. 
We may be pardoned if we presume to say, one-half 
the number of lead shot would have done more, and 
done it better. 

If we bear in mind, that the whole round of experi- 
ments from which Hutton drew his deductions, were 
conducted with iron projectiles, the inconsistency of 
taking his data as the standard will be apparent. 
‘The dissimilitude of specific gravities being great, 
namely, 7,425 and 11,327—or one-third difference— 
it clearly shows, without any effort of the imagination, 
that the range must be in the same proportion, with 
the addition of greater momentum. For it will 
scarcely be denied, that a ball of gold or platina, from 
the same cause, will maintain a yelocity longer, and 
consequently range further, than even lead. Hutton’s 
theory only establishes the principle, that the lighter 
the body projected, the sooner it is acted upon by 
atmospheric resistance, and a medium velocity induced. 
We cannot attribute his preferring iron to arise from 
an opinion of its penetrating to greater depths; for a 
man of his extensive knowledge and research could 
scarcely be guilty of such an error. But even in our 
enlightened times we are told that elephants cannot 
be killed with any projectile but stecl: leaden balls 
cannot do it. I should like to try, and receive the 
tusks in return, : 

‘The shrapnell shell (invented by General Shrapnel), 
or spherical case shot, introduced into the British 
service of late years, is probably the most destructive 
of any missile in use. It was intended to supersede 
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and many guns, which formerly ranked high as 
useful and important weapons, have become things 
of the past. 

Monsters are now all the rage, with a range of 
three miles, and artillerists contemplate extending the 
range to double that distance; whilst the projectiles 
used are not “pounders,” but approximating to tons. 
So much for improvement. In political economy we 
are told that improvement to be good must be 
gradual; but only effect come slight improvement 
in gunnery, make but one step in advance, and the 
desire for further improvement then ranges at will, 
and impossibilities are craved for and sought to be 
attained. 

‘Twelve years ago the success of Mr. Monck (cer- 
tainly the first modern improver of ordnance,) led 
to the unlimited production of undigested plans for 
changes in gunnery; but, unfortunately for the science, 
no progress was made on the one great improvement. 
of Mr. Monck. 

War found us ill prepared in the field, and out- 
weighted “afloat,” so that almost as many men were 
killed by the bursting of mortars, and other ill-con- 
structed guns, as by the fire of the enemy : so critical 
was our situation, indeed, that but for the general 
adoption in England's army of my great invention, 
the rifle on the expansive or “ Greencrian” principle, 
and its skilful use by our brave soldiers, the war 
had gone against us. Our rifles were equal in range 
to our artillery, and this saved us; whilst the enemy, 
astonished at the effects produced by our bullets, and 
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sians in the Crimea can testify, on more than one 
occasion. 

‘To endeavour to point out that an improvement 
may be effected in artillery equal to that which has 
been effected in small arms, is the object of the 
following pages. 

The anthor asks a dispassionate perusal and eare- 
ful study of his work, in justice to himself and to 
the importance of the subject. Judging of future 
probabilities by what has already been accomplished, 
the reader will be prepared for what follows. ‘That 
great and important changes must take place in artil- 
lery cannot be doubted, and should England refuse to 
avail herself of the improvements to be effected, other 
nations, and amongst them our late opponent, will be 
the first to seize and adopt them. In former works 
T have asked the indulgence of my military readers on 
account of my scanty military knowledge ; but profes- 
sional men appear to be equally in the dark with the 
uninitiated: indeed, the lamentable shortcomings of 
the English artillerists have placed them in the rank 
of mere “ waiters upon providence” for the next step 
towards improvement. ‘The present time is decidedly 
propitious; let improvements now be made, and we 
may surely hope that they will be appreciated by the 
public, if not by the Government authorities, 

What is the best metal for cannon? is a question 
which has often been asked, and the answers have 
been very conflicting. Some have advocated mixtures 
of copper and tin; others have advocated cast iron, 
and more recently wrought iron ; still more recently 
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tons of shot at a range of 1,500 yards; some particular 
guns firmg as many as 3,000 rounds, and yet it is 
more than probable that had the same guns been used 
in the Crimea, they would have burst with one-fourth 
the number of rounds, Experience proves that it is 
not the great number of rounds fired which strains 
and destroys the gun, but the high elevation at which 
these guns are placed, in order to get range; this it 
is which shakes and disintegrates the crystalline 
structure of the metal, and thus extreme range is 
obtained at extreme cost. A gun which at.6? of 
elevation could stand without a strain 200 rounds, 
would be likely at an elevation of 30° to burst before 
50 rounds were fired. The explanation of this is 
sufficiently simple. A gun fired at 6° recoils as the 
projectile is projected forward, in proportion to its 
relative weight and friction; but when brought up to 
an elevation above 30? the gun is entirely out of the 
horizontal, and cannot recoil as it does at an elevation. 
of 6’: the force is now exerted downward, and the 
gun impinges on its support—i. e., either upon its bed 
on the deck of the ship, or on the solid earth of the 
battery, which is comparatively immovable; thus the 
force which displaced the gan in the first instance is 
now exerted on the sides of the gun, and the pro- 
jectile receiving additional force is projected further. 
But this increased range is obtained at the expense of 
the gun, which is rapidly destroyed: 50 rounds being 
sufficient to render it unfit for service. To obyiate 
this rapid destruction of cannon, the metal has been 
changed from the molecular to the fibrous; that is 
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may be illustrated by running a locomotive at its 
maximum of speed over an increasing curve in the 
railroad, with the certainty of landing it in an adjoining 
ditch, The principle which determines the result is 
quite immutable: yiz., that matter in rapid motion 
cannot be materially affected by any force inferior 
to the primary force: the tendency of the body being 
to go straight forward; whereas a slow train goes 
round a curve with the greatest ease. ‘Two motions 
can easily be given to matter in a lower velocity; but 
not so easily when the velocity is much increased, 
Hence I fear that the inventor of the Lancaster gun 
must haye had a misconception of the true laws of 
motion; for by increasing the degree of spiral at the 
muzzle, instead of at the breech of the gun, he has 
rendered nearly useless what would otherwise have 
proved a most formidable engine of war. 

From these observations it may, T think, fairly be 
doubted whether the bursting of cannon is owing 
entirely to the inferior quality of the cast iron used 
in their formation ; though there can, I think, be no 
doubt that English cast iron is not only much inferior 
to what it formerly was, but that it is also inferior to 
that which is now manufactured in Russia. Why it 
is so will be subsequently explained, 

‘Theeo defects in cast iron have naturally led to many 
attempts to substitute for it a more durable metal ; 
and in most cases the metal selected has been wrought 
iron. Wrought iron has been used, not only in solid 
cannon, but in the original * hoop and stave :” “ staves 
outside,” and “staves inside,” as in Mr. Mallet's 
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fired at an cleyation of 40° with 17 lbs. of gunpowder, 
then a gun of more than six times that weight would 
not be oyerlonded if its due proportion of powder 
were about 100 Ibs. Has this gun been fired with 
one half of this? Until it has been satisfactorily 
proved to this extent, we feel sure that the authori- 
ties are justified in not considering Mr. Horsfall’s a 
successful achievement. 

Whatever may be Mr. Horefall’s impression with 
regard to the advantages of wrought iron for making 
cannon, I am satisfied, after a long and careful study 
of the results of all its varieties, from the most 
ordinary to the most perfect combination that has 
been manufactured—either for tenacity, tenuity, or 
resistance of lateral pressures—that it cannot answer 
in large guna. 

This I think any one will admit, after considering 
the two following facts; which apply equally to all 
varieties and mixtures of wrought iron. 

1, The strength of iron is at its maximum in the 
smallest mechanical structures. 

2. The quality of the metal is improved as it is 
subjected to greater pressure and condensation. 

The extent to which this improvement may be 
carried has never yet been ascertained ; every fresh 
manipulation improves its quality. The tenacity of 
wrought iron is best displayed in a wire, drawn out until 
it is not thicker than a human hair, Large masses 
of wrought iron are weak and spongy in geometrical 
progression with the mass, and the crystalline or 
molecular form increases with the mass. If large 
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is necessary to expose such large forgings. The iron 
expands as it is heated, but it does not expand 
equally all through the mass; and the result of this 
is that the interior becomes porous and spongy: an 
appearance which must have been observed by every 
one who has operated upon large masses. 

The shaft of the Leviathan weighs 26 tons; but, 
instead of resisting twenty-six times the pressure of 
a shaft one ton in weight, it will, from the causes 
already mentioned, be found unequal to half that 
amount. 

We have watched with much interest the forging 
of these immense shafts; and the difficulties attending 
the forging of this structure prove the accuracy 
of our reasoning on the strength of large masses of 
wrought iron, ‘The weight of the shaft when finished 
is 26 tons, and the waste during the process of 
welding amounts to 74 or 75 tons. 

The present shaft is the third which has been 
manufactured; the two first having proved notorious 
failures: thus 200 tons of iron have been wasted ; 
which we think is sufficient proof either of the 
unfitness of the material, or of imperfection in the 
method of construction, Moreover, I fear that when 
the vessel encounters a rolling sea, the sudden check 
and strain produced by the total immersion of one 
paddle-wheel and the freedom of the other, will sub- 
ject the present shaft to a strain which will affect its 
duration; and a yessel costing nearly a million of 
money may thus be left to reach her port with crippled 
powers of propulsion. 
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Tn welding this structure, the heat is equally 
diffused all through the mass; and thus the great 
evil of unequal expansion and contraction is avoided. 
When the steam hammer is brought into play, its 
faceis a “ swage” of circular form, calculated to clasp a 
large portion of the upper part, whilst a corresponding 
space is formed in the anvil; and by gradually turning 
the shaft, the whole is forged into a perfect round. 
The peculiar advantage gained by this mode of pro- 
ceeding, is not only the facility with which heat is dif- 
fused through the mass, but that each segment is made 
to act like a wedge on its neighbour ; thus producing 
the most solid forging that has yet been attained. 
This is rendered still more perfect, both as regards 
strength and durability, from the fact that a hollow 
axle has been produced; the great advantages of 
which it would be out of place to dilate upon in this 
work. 

We trust that these anticipated misfortunes may be 
avoided by the construction of a more perfect shaft; 
and that, not only for the sake of the shareholders, | 
but for the credit of the engineer who devised this 
great vessel—descrvedly one of the wonders of the 
world. A spare shaft would be profitable ballast, if 
of no more value to the Leviathan. 

Rolled railway-carriage axles were constructed for 
me with perfect success on this principle nearly twenty 
years ago, at the Walker Iron Works, near New- 
castle-on-Tyne. The idea has, however, been in a 
measure ‘shelved ;” but necessity will bring it into 
use again. 
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projective powers, as I shall presently show. Expe- 
rience proves that brass guns are inferior, both in 
sharpness of shooting and in range, to cast-iron guns: 
this is undoubtedly attributable to the greater softness 
of brass than of cast iron; and for the same reason a 
wrought-iron gun, though made as sound as one of 
cast iron, would be inferior in these two important 
points. But when a wrought-iron gun is composed 
of many particles imperfectly secured (and no 
mechanical force ie sufficient to secure perfect 
cohesion in large masses), the wrought becomes 
doubly inferior to the cast gun: a shot projected 
from such a gun starts from an unsound base; a 
large portion of the explosive force is absorbed by the 
variety of sections composing the gun, to the injury 
both of the accuracy and length of range of the pro- 
jectile. The softer metals cannot be beneficially used 
in the construction of large guns, because they destroy 
the force of the expellant without making any equiva- 
lent return; and the softer the metal and the greater 
ita substance, the more clearly is this important fact 
demonstrated. Thus, in experiments made with large 
cannon for increasing the weight of the gun beyond 
# certain proportion to that of the projectile, a gun 
of ten tons weight and ten inch hore would not 
execed in range a gun of five tons, if the charge of 
powder were the same; on account of the indisputable 
fact that much more force of the expellant is destroyed, 
whilst more than double the force is absorbed for the 
recoil of the ten ton than of the five ton gun; and 
the loss from these two causes must materially affect 
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the small amount of metal produced, and beyond all 
doubt the quality will be all that the most sanguine 
founder or artillerist could wish, 

‘Thus the inferiority of our cast-iron guns bas been 
accounted for, and a method suggested, which, if 
efficiently carried out, would effect the desired 
improvement. 


We are indebted to Krupp for the first suggestion 
of, as well as the first attempt to introduce, a cast 
steel gun of greater durability and power than the 
best cast-iron gun which has yet been manufactured. 
Steel, possessing, as it does, harduess to any desived 
extent, ductility in an equal degree, tenacity un- 
rivalled, and all the other requisites, is destined to 
take the place of all other metals in the construction 
of artillery, This metal waits only to be tested ; 
and the greater the extent to which the trial is 
carried, the more confident we ave that it will answer 
every purpose. 

Krupp, like many other men with valuable ideas, 
has been peculiarly unfortunate in his attempts to 
carry them out. With a vast amount of knowledge 
of the science of metallurgy, he wants more know- 
ledge in the not inferior science of projectiles; the 
most important point being to ascertain the form of 
gun calculated to be suitable for new metal, of the 
use of which, for cannon, the world possesses no ante- 
cedent knowledge. 

The only failures Mr. Krupp has made (if they 
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contact of the two been perfect throughout the whole 
length, but allowing balf an inch all around for the 
expansion of the steel gun in that part which was 
subjected to the greatest pressure, the very act of 
restraining it in other parts so as to prevent equal expan- 
sion, would be perfectly certain to produce a fracture. 
Mr. Krupp’s friends have complained londly of unfair 
treatment, whether justly or not, no opinion need now 
be given; but it is much to be regretted that his 
experiment was not carried out on scientific principles, _ 
The introduction of cast steel guns will be the most 
essential improvement in artillery: and an extensive 
series of experiments, extending over many years, 
during which time 1 have manufactured gun-barrels 
of steel alone, ought to give my opinion some weight 
on this subject. 

Laminated steel gun-barrels were well known in 
1851; but the English bughear, prejudice, raised a 
clamour against them, which was echoed by interest 
and ignorance, and thus their general adoption wax 
for a long time prevented. However, in the short 
space of seven years, they have hecome universally 
adopted, with the most beneficial results; better 
shooting, less annoyance from recoil, less weight to 
carry, and greater safety to the sportsman, being the 
principal. And so it will be with steel cannon; 
asa short time will suffice to enable scientific inyes- 
tigation to remove all prejudices against them. 

The external form of cannon is a question of 
vital importance, but one which is little understood 
by artillerists of the present day. Whilst it is a 
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projectile is passing over it; and this strain, in 
properly constructed guns, becomes of shorter and 
shorter duration as the projectile attains its highest 
velocity at the muzzle of the gun. ‘The greatest strain 
a gun has to bear near the muzzle is that produced 
by the condensation of the column of air in front 
of the charge; and in almost every form of English 
ordnance the weight of metal here is greater than 
is necessary. 

The Russian guns which haye been brought to 
this country present the same superabundance of 
metal at the muzzle, whilst at the breech there 
appears to be a deficiency ; and when we take into 
consideration the extraordinary reports of their en- 
durance, we must ascribe it to some other cause 
than the proper distribution of metal. Their en- 
durance is no doubt owing in part to the goodness 
of the metal; in part also to the form of the breech, 
to the uniformity of thickness in the sides of the arch, 
and, lastly, to the absence of those protuberances 
called ‘reinforce rings.” These rings might with 
propriety be termed “rings of destruction;” for 
wherever irregularities exist in the substance of the 
metal, there the waves of vibration are interrupted, 
and the weak point then becomes fractured. The 
science of spring-making in all its varieties demon- 
strates the truth of this statement. Leave on a 
coach-spring an abutment of metal like a “reinforce 
ring,” and a few motions will be sufficient to break 
it, however well the spring may be constructed in 
every other part. The rigidity of this protuberance, 
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jectile of equal weight. 

Rifled cannon must be elevated oy kag 
muzzle; no depression of the breech must occur as 
by the usual elevating screw ; and the recoil must be 
received and borne by fastenings and axle in rear of 
the breech only. Trunnions and all impinging influe 
ences are incompatible with correctness of fire. The 
muzzle must be raised in a similar manner to the raising: 
of a hand rifle, the recoil being thrown backwards, in 
as direct 2 line as possible with that of the shot. 

Tt is only on account of the difficulty of experi- 
menting with rifled cannon that they are at all behind 
rifled muskets in point of perfection, The ardent 
lover of science is appalled when an experiment costs 
hundreds of pounds. We have not a General Jacob 
everywhere who can afford to spend a thousand or 
two in experiments; but, nevertheless, the loyer of 
science, could he experiment, might attain such 
extraordinary accuracy of range, as to blow up a 
smaller magazine than that of Kurrachee at four times 
the distance; and that, too, with a more cortain effect, 
though with a projectile heavier than several of 
Jacob's rifles tied together. Correct direction is 
certain in proportion to the increase of weight; 
deflection being in the minimum with the heavier 
weight, from the well known law of momentum, 
That astute and energetic sovereign, the Emperor — 
Napoleon, is pursuing experiments with rifled cannon ; 
with what result there can be little doubt. 

It must be by the use of rifled cannon that our 
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portion to the square of its distance from the centre: 
that the outside of a gun of the form now used, in 
fact, is only one-ninth as useful as the inside; being 
three times as far from the centre. If we double the 
thickness, the outside, being five times as far from the 
centre as the inside, will be but one-twenty-fifth as 
useful; or in plain English, nearly useless. The 
reason of this is simple, and I will endeavour to 
explain it. 

“A bar of cast iron one inch thick each way and 
40 inches long will stretch about one-twentieth of an 
inch, if a weight of about four tons be suspended by it. 
When the weight is removed, the cast iron nearly 
recovers its previous form, and is uninjured; but if it 
be stretched more, by a greater weight, it is per 
manently injured. 

* A bar of the same thickness, but three times as 
long—120 inches—will stretch three times as much, 
or three-twentieths of an inch, with the same weight ; 
ov if only one-third the weight—one ton and a third 
—be suspended, it will stretch one-twentieth of an 
inch, the same as the shorter bar. 

“If we suspend 16 tons by four bars, one inch 
thick and 40 inches long, they will each stroteh 
one-twentieth of an inch only, and remain uninjured ; 
but if we attempt to do so with two bars 40 inches 
long and two 120 inches long, then, when the whole 
have lengthened one-twentioth of an inch, the short 
ones are exerting a force of eight tons, but the long 
ones that of only two and two-thirds tons. The weight, 
therefore, will still further lengthen the bars, and per- 





PORM OF ARTILLERY. 3 


manently injure the short ones; perhaps break them 
first, and then the long ones. 

“ This is the way a gun is burst. The inside is a 
series of bars of iron, say 40 inches long, in the form 
of aring; the outside a series of rings, representing 
the bars three times as long.” 

Warfare, since the first introduction of gunnery 
into Europe, has been like one continued series of 
experiments for testing the efficacy of our guns. No 
description of gun we now possess can lay any claim 
to oxistence fifty years ago: the great majority of our 
guns now in use are of a much more recent date. 

With one or two exceptions, no artillery has been 
constructed on any scientific theory ; some alteration 
has been made, and if a gun of a certain form and 
dimensions gave a certain result, then an extension or 
emulation of that gun was tried; and if it succeeded 
a loud cry of exultation was raised, and the discovery 
was announced to the world as a great improvement. 

Colonel Prejudice has invented a vastly improved 
description of gun; another guess is made, and so 
different forms of guns are multiplied. Can there 
be a more striking illustration of this than the one 
which took place during the late Crimean war? It 
was boasted that the whole human race might be 
exterminated by the new invention; but the “Lancaster 
gun” turned out to he most unscientific in its construe- 
tion, and most eccentric in its action. Had such a 
thing as scientific knowledge in gunnery existed among 
the artillerists of the day, such a monstrosity would 
have been buried soon after its birth; instead of being 
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firing shells, which should alone be enough to destroy 
it; and yet with all this the gun remains perfect. 

The gun which most nearly resembles this is our 
English carronade; and that these guns have some 
important principle in their shape is proved by their 
great durability under all trials; and I believe that 
the tests to which the carronade has been subjected 
have been more severe than that of any other piece in 
the British service. 

There have been many shrewd conjoctures as to 
the cause of this durability; one of these was very 
pungent, viz., “ the invention was not by one of the 
cloth.” An examination of the drawing of the 68- 
pounder carronade will enable the reader to perceive 
the great similarity between this and the Russian gun 


before spoken of (see page 114). 


The manufacture of these guns was originally in 
the hands of the inyentors, and it is quite evident 
that they must have taken great pains with the form 
of the gun, and also have taken special care that the 
material of which it was constructed was of the very 
best quality. 

‘There is too much reason to doubt the proficiency 
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of military men in the science of metallurgy; and the 
British system of depending solely on their knowledge 
for the last half century, has no doubt proved an 
obstacle to advancement in the acience of gunnery. 

‘The gun which ranks next is Monck’s 56-pounder. 
Although not a chambered gun, it will be seen, from 
the diagram (seo p. 117), to be an attempt (if not a 
perfectly successful one) to obtain uniformity of 
thickness in every part of the are. The durability of 
these guns ranks as we have placed them, 

‘The next in rotation is the 8-inch or 68-pounder 
{see p. 114); which, although not the original sized 
gun that was rifled for the Lancaster shell, yet it Was 
the one eventually used for that projectile up to the 
end of its very brief career. 

The 10-inch gun of 95 cwt., delineated at page 117, 
will be seen to be defective in its outlines when tested 
by the principles before laid down, and the fact ofmore 
10-inch guns bursting at Sebastopol than any others 
(mortars only excepted), may be taken as exclusive 
evidence of its imperfection, 

The bursting of mortars is quite notorious, espe- 
cially the 13-inch mortars used for sea-service in the 
attack on Sweaborg. A slight examination of the en- 
graving of one will be sufficient to convince any person 
that, if what has already been advanced on the form of 
guns can lay claim to being scientific, then this is 
of all guns the most unscientific that was ever manu- 
factured. Its durability, too, like its shape, is of a 
very low order, 
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The late Joseph Manton has the merit of being 
the first modern inventor of rifled cannon. His idea 
was, that if a motion on an axis parallel to the 
horizon could be given (o cannon balls, they would 
range farther and with greater accuracy. As there 
exists great difficulty in causing the rifling ina gun 
to act upon an iron ball, he constructed a cup of 
wood, into which the ball was fitted, projections being 
made upon the wood to fit into the groves of the 
tifle; the spinning motion thus being communicated 
to the ball by its wooden adjunct. The result was 
twofold; for the expansions of the wood during the 
explosion, filled the tube of the gun tight, and 
effectually destroyed the windage. The government 
of the day did offer him a premium of one farthing 
each; but “Joe” over-reached himself, asking the 
sum of £30,000 down; this was refused, and the 
patent was allowed to expire without the Government 
taking any advantage of it, and experiments ceased 
to be made in this direction. 

Rifled cannon have now, however, become a 
certainty. Mechanically speaking, they are as easily 
to be produced as hand rifles. The general applica~ 
tion has, however, vast difficulties, which must be 
overcome before their use can become general. 
Small arm projectiles suitable for rifles must. of 
necessity be made of ductile metal, and all the 
attempts previously made, whether with brass é 
iron guns, are alike useless. The mass in motio 
eyen when of equal hardness with the gun (as in ti 
case of cast iron guns and cast iron shot), invarialjily 
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limited in their utility, by the same law which limits 
the use of pure lead: that is, to given weight, height 
of column, or velocity. Great doubt exists whether a 
bullet made of gun metal, and of the same propor- 
tionate dimensions and form as an Enfield bullet, 
but fitted for a ten-inch gun, would not, if fired with 
the proportionate charge of powder (namely, seven- 
teen pounds), be as completely squashed, or driven in 
upon itself, as the Enfield bullet if fired with the old 
Brown Bess charge of four drachms and a half. 

Considerable time and experience will be required 
to ascertain the proportions of metallic mixture 
necessary to meet all contingencies; this, however, 
is a matter of detail, and must extend over so lango 
an area, that it can be handled only by the govern- 
ment officials, with the necessary “ sinews” of experi- 
ment. Nevertheless it must be undertaken; and 
the sooner it is done the better, for the prestige of 
that nation which would lead the van of improvement 
in gunnery, and increase its power of attack and 
defence beyond those of its rivals. 

Rifled cannon is a generic term of endless 
application, presenting to the mind modifications 
of projectiles in endless variety, ranging from the 
“light firebrand” to the twice deadly rocket: not 
rockets of that eccentric and erratic character by 
which Congreve made an undying name; but real 
bond fide rifle rockets, which shall hit the dead- 
lights in the quarter-gallery of a frigate, carry away 
the halyards of your enemies’ ensign (making him 
drop his colours at the first shot) or dash the glass 
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from the hand of the pilot. All such imaginary 
feats will yet be accomplished; though the reader 
may smile at the idea, My experience with rockets 
goes to justify me in asserting that rockets discharged 
from a gun, under certain circumstances, can be as 
effectually controlled, and kept to a direct course, as 
a bullet fired from a rifle. The rocket, however, 
may be fired a much greater distance than we have 
ever been able to project a bullet; because, in 
addition to the force which projects it from the guy 
its flight is maintained by tho self sustaining agency 
in the body of the rocket. Rockets require a much 
smaller charge of powder to project them than that 
which is used for a bullet; a rocket started by its 
own force, expends, in acquiring even an approxi- 
mation to its highest velocity, at least one-third of 
the force with which it is charged; but when 
projected by a small charge of gunpowder this force 
is saved, and the flight of the rocket is afterwards 
sustained by the force with which it is charged. 

Firing rockets from cannon ean only be practised 
under certain circumstances. The observations 
already made on the granulation of gunpowder will 
have prepared the reader for this announcement. 
When fired from a cannon under the old régime, the 
rocket was projected at high velocity, and the case 
of the rocket was destroyed by the very force which 
set it in motion, A rocket suitable for artillery 
should be cast of gun metal, with a frame of con- 
siderable strength. In form it should nearly 
approximate to an expansive bullet; but, instead 





quality : its combustion must be as slow as possible, 


stated, to that of a rocket charged in the head 
with the most deadly and destractive fulminate. 
‘Tt may appear absurd to speak of fulminates being 
i ; since all experiments show that fulminates, 
even when adulterated, will not stand the concussion 
of a discharge, but invariably ignite in the gun, 
however carefully placed or packed in the shell which 
contains them; for this reason fulminates have 
never been successfully used. But if the fulminate 
is placed in the head of a rocket, this objection 
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‘it was to hope for successful results in the direction 
in which they were working. It was clear that 
while increased range and precision of firing were 
wanted, it was nearly as important to bring the 
charges of ammunition and the weight of metal 
in guns into more manageable proportions to each 
other, and to the facilities for transit on active 
service, No sensible man can haye witnessed the 
frightful damage done to the efficiency of our army 
in the Crimea by the exigencies of the siege-train 
during the winter of 1854-5 without being impressed. 
with this conviction. The principle of the rifle 
offered an obvious suggestion for the proper means 
of working out the foregoing problem; but then for 
artillery, rifling by grooves would not do without 
the use of a pliant metal in the projectile, and 
the cost of lead rendered its application to that 
purpose impracticable. It was necessary, therefore, 
to alter the existing mode of rifling, and to modify 
the bore of the cannon, so that an iron projectile 
could be discharged from it, rotating on its own 
axis in the line of flight, This result once. secured, 
it is obvious that a field-piece or gun of position 
would become a rifle on a large seale, and that the 
same immense increase of range and of penetration 
which had been realised by the smaller weapon as 
compared with Brown Bess, would be placed at the 
command of the artillery service. It is consolatory, 
after a series of failures worthy even of Brunel in 
launching the Leviathan, that the country has at 
last the well-grounded hope of an improvement by 
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of the projectile that may be fired; so that 24 1b. 

and 481b. shot have been sent to extraordinary 
ranges with half the usual charge of powder, from 
an ordinary 12-pounder howitzer. Here, then, is 
at once the solution of the whole question which 
has troubled the brains of so many inventors, real 
or pretended, for years. The artilleryman st one 
stride resumes the relative position to the soldier of 
the line which the Enfield rifle had so perilously 
deprived him of, and this mechanical country, after 
finding herself on the level of France, Russia, and 
other European States, is once more, as during the 
Peninsular campaigns, enabled to assert her natural 
superiority in the manufacture of cannon. We trust 
that no petty jealonsies on the part of narrow-minded 
officials will be allowed to interfere with the course 
of Mr. Whitworth’s experiments, and that the en- 
couragement which he is now receiving from the 
Minister at War and the Commander-in-Chief will 
enable him, at no remote date, to realise for the 
benefit of the army and the nation that revolution 
in gunnery which the results already obtained by 
him promise.” 

Report says that 25,000/. is the amount of en- 
couragement Mr. Whitworth has received from the 
Minister of War and the Commander-in-Chicf; an 
adequate sum with which to conduct such an experi- 
ment, but not sufficient to insure success. 

Of the success of Mr. Whitworth’s polygonal 
projectile, on a large scale, none need speculate, for 
the principle is self-destructive. 
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construct a field-piece in conformity with the plan I 
had suggested. The gun was accordingly soon after- 
wards made, and has since, during a period of nearly 
two years, been the subject of numerous experiments, 
partly upon the ordnance firing-ground at Shoebury= 
ness; but principally under my own direction in this 
neighbourhood. 

“Thaye hitherto avoided publicity in reference to 
these experiments, but, as matured results of much 
interest and importance have now been arrived at, and 
a8 other names are already before the public in con- 
nection with gun experiments made during the same 
period, I feel that T may now, without impropriety, 
give some information on the subject. 

“ With a view to strength and durability, the gun 
is composed internally of steel and externally of 
wrought iron, applied ina twisted or spiral form, as in 
an musket or fowling-piece. The bore is nearly two 
inches in diameter, and is rifled. The projectile is a 
pointed cylinder 64 inches long, and its weight is 5 1b. 
Tt is made of cast iron, coated with lead, and is fired 
from the gun with a charge of 10 ounees of powder ; 
it contains a small cavity in the centre, and may be 
used either as a shot or ashell. When applied as a 
shell, the cavity is fillod with powder, and a detonating: 
fuse is inserted in front, so as to fire the powder in: 
the centre on striking an object. When used as a 
shot, the powder is omitted, and an iron point, which 
fayours penetration, is substituted for the fuse, The 
gun is constructed to load at the breech, the object 
being not only to obviate the disadvantages of sponging 
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with the subject, I may state that the ordinary 
6-pounder field-piece, which in point of weight forms 
the nearest approach to the present gun, is perfectly 
useless at a distance of 1,500 yards, and is very 
uncertain even at 1,000 yards. It is only, therefore, 
with heavy artillery that a comparison can be drawn; 
and it will be sufficient to state that in tabulating 
the practice made with such ordnance the deflections 
are invariably recorded in yards, whereas with this 
rifled gun they can only be properly given in inches. 

“With respect to penetration, the following par- 
ticulars will be regarded as equally remarkable, con- 
sidering the small weight of the shot and the length 
of the range, The butt was 3 ft. thick, and was 
composed of six layers of rock elm bolted together, so 
as to form a solid block. One shot passed entirely 
through ; another struck near the edge and glanced ; 
and the remaining six penetrated within a few inches 
of the opposite side. 

“Shell firing was next tried at a distance of 1,500 
yards; the gun being fired at the same elevation and with 
the same charge as in the previous practice at the butt. 

“Tn this ease two targets were erected, one behind 
the other, so as to appear as one object when viewed 
from the gun, and a space of 30 feet was left between 
them. The front target was intended to exhibit the 
perforations of the shell before bursting, and the bavk 
one to show the effect of the fragments resulting from. 
explosion. 4 

“After some preliminary experimonts twenty-two \ | 
shells were fired at the front target, and of these only 
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gives ample penctration, as the experiments at the 
butt will testify. I may also observe that the ranges 
obtained with this charge bear a favourable comparison 
with those of the heaviest round-shot guns fired with 
a thuch larger proportion of powder. 

“Tt is a curious fact, and one which greatly i increases 
the efficiency of the shells, that owing to the bursting 
charge requiring a minute space of time to mature its 
ignition after the firing of the fuse by impact, tle shell 
is enabled to travel four or five feet after striking an 
object before disruption takes place. Hence, there- 
fore, it acts az a shot before it bursts as a shell, 
When it perforates a target the explosion may be seen 
to take place ata few feet beyond, and when it grazes 
it has time to rise, and may be observed to burst after 
clearing the ground. If, therefore, it were fired 
against a ship, it would first penetrate the side in its 
entirety, and then, bursting, traverse the deck in 
fragments ; or if directed against troops, it would 
pierce the front linc as @ bullet, and operate like 
grape-shot beyond. The shells explode with equal 
certainty whether the first substance struck be hard 
or soft; and, in fact, they even burst on the surface of 
water, provided the elevation of the gun he not too 
great. The bursting change is very small, but it suffices 
to break the shell into about 30 pieces, which pursue 
their forward course without too much dispersion. 

“ Tt is impossible to contemplate the results obtained 
with this gun without being impressed with the im- 
portant part it is calenlated to perform in warfare, 
Opposed to any ordinary field-picce, it would be like the 
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experience thus obtained justifies me in making known 
to the world some of my observations on this subject. 

Rified cannon with elongated projectiles, similar in 
shape and principle to the Greenerian bullet, give, 
with charges inferior to those of the old régime and 
calibre, more than double the range, with ten times 
greater accuracy. 

Now, either of these points, if gained, would be 
most important improvements, and when combined 
would produce the most extraordinary results, But 
this is not all: a great diminution in the weight of 
the gun might also be effected ; and these advantages 
may be still further extended when we have had timo 
to increase our knowledge of the valuable materials 
with which we are only just now becoming acquainted. 

The following table will show the advantages to be 
gained both in length and accuracy of range. 

Before reverting to the table, it may be necessary to 
remind the reader that the great reduction in the 
weight of guns arises from the adoption of the clon- 
gated projectile. For example: the diameter of the 
élongated projectile for an “ 18-pounder” is much less 
than the diameter of the gun for the spherical 
18-pounder; thus allowing the thickness of metal to 
be equal in both guns. The gun for the elongated 
projectile may be greatly reduced in weight without 
at all diminishing its strength, simply on account of 
the great diminution in the diamoter of the are, 

‘There is another important fact, which Mr. Whit- 
worth, with all his boasting, has carefully concealed : 
viz,, that a much greater pressure is exerted upon the 
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given in this table were not rifled, and that they haye 
not all been subjected to trial. The 6, 12, 18, 24, 
and 48-pounders have been tried, with the results 
given above; but the heavier guns haye not as yet 
been tested: the ranges and weights given in the 
table have, however, been derived from the results 
yielded in the trial of the lesser guns, and may be 
safely relied on as scientific data; being, in truth, 
rather under than over the mark. 

All experiments clearly establish one very important 
principle, long known to those acquainted with the 
science of projectiles, viz., ‘‘ That the heavier the 
projectile, the less the deflection.” Thus it is quite 
possible that the longest ranges may ultimately be 
obtained without any perceptible deflection, And when 
we observe that the deflection of an ordinary 32-shotin 
a range of 2,000 yards, ix 50 feet, aud in 2,500 yards, 
80 feet, whilst the elongated shot, at a much groater 
distance, is not deflected half as many inches, I think 
we may fairly say that our knowledge of gunnery is yet 
in its infancy. Fulminating powder may be used as 
an auxiliary in shells for various important purposes ; 
such, for instance, as destroying an entire fleet; and 
it is clearly within the range of possibility that by its 
agency the largest ship may be destroyed by a single 
shot. The accuracy of rifled cannon renders it an 
easy task to strike a plank only one inch above the 
water line, and the penetration of an elongated gun- 
metal or lead-alloyed shel] would enable us to reach 
the innermost parts of the magazino: for it is seareely 
possible to produce even an iron casing which shall 
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any object, such as the ship's side, the metal of the 
shell is driven in upon itself, and an explosion of 
the fulminate follows as a natural consequence 
Experiment has proved that shells exploding as they 
strike the ship's ‘sides, produce very little damage 
beyond making a hole in the ship the size of the shell: 
This, no doubt, arises from the short space of time 
occupied by the shell in passing through the side of 
the ship ;'all its force being exerted in the interior 
instead of on the sides of the vessel. All shells of 
the nature alladed to would, at certain distances, take 
such a line of flight as to ensure them dipping 
towards the centre of gravity, and thas exploding the 
magazines, however deep below the water-line; and 
-when we consider the destructive effects of fulminates, 
we think it quite wthin the range of probability 
that they might produce all the effects we have 
spoken of, 

There are many agents equally powerful to be 
introduced into destructive warfare; and with 
ile advantages to be derived from improvements 
in rifled shells, which the ingenuity of the present 
race will certainly effect, he would be a rash man 
who would set ony limits to the advancement of pro- 
jectile science. The great difficulty in the use of 
fulminates will be surmounted if these suggestions 
ean be carried out; and experiment is all that will 
then be necessary to establish the line of proceeding. 
‘To effect this is the province of the Government of 
the country ; to wait for it to be perfected by indivi- 
dual skill and enterprise would be unjust to science, 
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axis parallel to its line of flight; from this point it 
gradually loses its velocity in a forward direction, it 
spins until its force is expended, and then falls 
yertically to the ground. To find the sequel, try 
the same experiment without grooving, and the 
range, with the same force, will be found to be 
double, Some years ago I witnessed euch a trial 
with a 82-pounder; and, to the astonishment of all 
present, the bullet rose above the horizontal line, and 
then fell to the ground, like the cork bullet of whieh 
wo have already spoken. 

‘The endeavour to prodnce breech-loading cannon 
is an effort to obtain uncalled-for and superflucus 
facility in gunnery; and if a perfect breech-loading 
cannon could possibly be produced, what would it 
avail? What superior property could it posseas over 
the solid gun? It could not be safety; for when we 
consider the very limited number of explosions by 
which the very best guns are destroyed, it ean seareely 
bo possible for a gan composed of many parts to 
endure the intense vibrations to which large cannon 
are subjected. The regular distribution of vibra- 
tions in the metal of the gun is the great point to be 
attended to in the construction of artillery; so that 
vibrations may not be incorrectly induced by malfor- 
mation, or by an excess or deficiency of metal at any 
particular point; for where the waves of vibration 
are checked by an unequal distribution of metal, or 
other causes, there the weak point in a gun is always 
found, as all fractured guns clearly demonstrate. An 
intimate acquaintance with the metallurgy of cannon, 
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‘The raising or depressing of the breech of a gan by 
means of the elevating screw; slewing to the right 
or left, spunging the gun, and ramming home the 
powder and shot, all consume time; hence we think 
that quickness of loading is worthless. 
Breech-loading cannon cannot be constructed for 
bullets of larger diameter than that of the rifle bore, 
without a ductile bullet be used; for, as is usual in 
breech-loading small-arms, the bullet rifles itself as it 
is forced up the grooves. The projectiles for rifled 
cannon haye hitherto been cast with corresponding 
grooves and lands to fit the internal form of the cannon. 
A compound shot, composed of iron, and covered 
externally with ductile metal, has been tried in a few 
instances ; but, unfortunately, the difficulty of com- 
bining two metals so dissimilar as iron and lead has 
heen found so great as invariably to end in a failure ; 
therefore no prospect exists of bringing into play 
this, the best point existing in breech-loading arms. 
Lastly, the tendency of all guns to absorb the heat, 
developed during explosion, puts a limit to all extreme 
rapidity of fire; even if this was not already limited 
by the more essential point of taking aim, At 
Sweaborg it was found necessary to allow an interval 
of five minutes between each discharge of a mortar, 
ani yet the whole of them burst after an average of 
120 shots, ‘Lime and ingenuity spent in planning 
and constructing breech-loading cannon will always 
end in disappointment and failure. Many are the 
plans extant, evincing great skill, perseverance, and 
everything needful in point of mechanical experience, 
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but betraying a total ignorance of the metallurgic 
science and of practical results from the use of the 
engine. The study of these points will save money, 
time, and what is of more value, brain-work, which 
might be better employed. Striving to produce per- 
fect breech-loading cannon is like striving to square 
the circle. 
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CHAPTER Iv. 
ON THE MANUFACTURE OF IRON FOR GUN BARRELS. 


A coysipenaute progress in improvement has taken 
place in manufacturing the higher quality of iron 
since my last publication. Not that I arrogate to 
myself any credit on that score, but it is evident that 
good frequently comes of flagellations, whether on 
the body or the mind. One part of human nature 
will ever fear the exposure of bad qualities, while 
another is emboldened to advance in improvement if 
the slightest chance exist of success or encourage- 
ment. Thus we often see men striving to produce 
one invention on the back of another, with wonderful 
perseverance, finding many blanks and rarely a prize; 
for truly in this competing age, the mind must be 
strong that can fight long. Bitter is the disappoint- 
ment of the truly ingenious mind, to see the produce 
of his brains thrown as lumber into the herring 
barrel;—as the printer terms the receptacle for what 
he sets no value upon; while the valueless contri- 
vances of the mean and sordid are preferred and 
rewarded, because they enable the manufacturer to 
produce cheaper, by foisting on the public a deceptive 
or a spurious article. All inventions for purposes of 
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only fit for such purposes; and the cost of it was 
only seven shillings and sixpenve each spike; but 
how we can furnish slave traders with ship-loads, if 
they choose, at only sit shillings and siapence each, 
and it is still supposed that one of these imitation 
guns is the blood-money for a follow-creature. Tt 
would be a just and equitable law, if our legislature 
would pass it, * That every man should fire the guns 
he manufactures :" nothing would more surely tend 
to improve the quality of guns of a low grade. 

A considerable increasing difficulty attends the 
obtaining of hors¢-nail stubs from the continent. Ih 
various continental markets from whence we draw 
our supply, the skill and ability of the gun-barrel 
makers have increased; and the preference for 
Superior firearms which is gaining ground with 
many continental sportsmen, has taught foreigners 
the value of their old horse-nails; and hence their 
increased scarcity. The inferior iron of which we 
make horse-nails prevents entirely the use of out own ; 
consequently it requires no foresight to predict that 
our manufacturers will soon resolve themselves into 
two deseriptions—the very best and the very worst. 
The latter are already actively enployed, and the 
others are advancing; as no doubt on increasing 
desire to obtain the most perfect gun pervades the 
thinking and affluent partion of the sporting world. 

‘The manufacture of iron is a science truly worth 
the consideration of the philosopher, for it is fraught 
with the most important consequences, eonsidéred 
either a3 a material of commerce, or the means to a 
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50 per cent. of the quantity existing in the ore; but 
yet it was the purest metal; for it is unquestionable 
that the best is soonest fused. 

The iron ore of Great Britain is, beyond a doubt, 
inferior to that of many parts of the world; as all 
attempts to produce good stcel from it have been 
attended ultimately with disappointment. Mr. Mushet, 
in his excellent work on iron, says, ‘The successful 
exertions of individuals have increased the manu- 
facture of cast and malleable iron beyond all prece~ 
dent in this country; nor have we been without 
some enlightened individuals, who have laudably 
endeavoured to form a superior quality along with 
the extension of their manufactures. Success has so 
far crowned their praiseworthy exertions, aided by 
the operation of knowledge, in removing the prejudices 
of the artisan, that bar iron of our own manufactur- 
ing has been substituted, to a great extent, in place 
of that formerly used of the Swedish and Russian 
marks ; but hitherto all attempts have failed to make 
bars of proper quality to form steel, in any degree 
comparable to that we daily manufacture in great 
quantities from foreign iron, 

“ Here we remain at an immense distance behind ; 
and while our manufacture of iron goods exceeds the 
collective exertions of all Europe, we humbly feel 
our dependence upon two foreign markets for the 
supply of that steel-iron, without which the beauty, 
the utility, and extent of our hardware manufactures 
would be essentially injured and abridged. 

* The policy of the foreign holders of this article 
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all of which were manufactured in Belgium; and 
so well is the imitation executed, that it would 
puzzle most amateurs to discover the fraud. 

Recently a company, entitled ‘The Indian Ipon 
and Steel Company,” has commenced importing and 
manufacturing iron and steel from Hindostan ore, 
and native-made bar iron.” If they suceced in com- 
peting with Sweden und Russia, this iron will be a 
valuable acquisition to the British empire. They 
have already issued a quantity 35 per cent, cheaper 
than the latter, but quality is the end they should 
strive for. However, the business is in able hands, 
and I haye no doubt but that this object will be kept 
prominently in view. 

Foreseeing the difficulty that would eventually 


beset us in obtaining a sufficient supply of old horse 


* The fine quality of the Indian steel is generally acknowledged. 
The iron is first obtained by smelting, in stall quantities, the 
‘wootz-ore, or the magnetic oxide of fron, which is found combined 
with sbout 42 per cent, of quarte; tho yield baing, out of 100 parts 
of ore, only 15 parts of metal: but this is of the finest character, 

‘The process by which the iron is converted into steel is ax 
follows, and fully accounts for that peculiar quality for which the 
Tndian steel is valued. 

The iron ix cut into pieces and packnd closely ina erucible of 
clay, containing about 1 tb. only of the iron, mixed with a tenth 
part of dried wood out small, the whole covered over with green 
leaves. ‘The cmeible is then stopped, by covering the mouth with 
lerspered clay; a0 as to effectually exelude the air. After # thn, 
that is, ag soon as the clay-pluge wre sufficiently bard, from twenty 
to thirty of the crucibles ure built up in un arched form placed in w 
small Blast furnace, and Kept covarnd with charcoal ; thus being 
qubjected to the heat of the furnace for two or thive hours. ‘The 
‘process is then complete. 
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Mr. Adams, of Wednesbury, and the successors of 
Mr. Clive, of Birmingham, manufacture a considerable 
quantity both of silver steel and common twist steel 
‘for the trade; I make my own laminated steel: the 
difference in silver steel and common twist steel 
merely consists in the variety of tortuous twisting 
the former undergoes, while the latter is rolled out 
into rods of 6-L6ths broad, with the fibres running 
perfectly longitudinal. The method of making or 
welding the pieces into a bloom, is in the following 
way. Having collected a sufficiency of mild steel 
scraps, such as cuttings of saws, waste from steel 
pen making, old coach springs, and the immense 
variety of pieces arising from the various manufac- 
tures of tools, they are cut into pieces of equal 
dimensions, polished in a revolving drum by their 
friction on cach other, until quite bright, and then _ 
placed for fusion on the bed of an air furnanee, 
‘The parts first fused are gathered on the end of a 
similarly fabricated rod, in a welding state, and these 
yather together by their adhesion, the remainder as 
they become sufficiently heated, until the bloom is 
complete. ‘The steel is then removed from the far- 
nace, and undergoes the effect of a three-ton forge 
hammer and the tilt, until it forms a large square bar; 
it is then re-heated, and thence conveyed to the rolling 
mill, where eventually it is reduced to the size of rod 
required. I generally have the metal required cut 
into short pieces of six inches long. A certain 
number are bundled together and welded, and then 
drawn down again inthe rolling mill. This can be 
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repeated any number of times—elongating the fibres 
and multiplying their number to an indefinite extent 
as may be required. 


The great advantage derived in this instance from 
air-furnace welding is a chemical one; for while the 
small pieces of steel are fusing on the bed of the air 
furnace, the oxygen is extracting the carbon, and 
leaves the resulting metal mild steel, or iron of the 
densest description ; while the succeeding hammering 
and rolling and re-welding, produce the mechanical 
arrangement of making the whole of an extremely 
fibrous description. The polishing secures a clean 
metal ; indeed, so free from specks are the generality 
of barrels thus made, that it is scarcely possible to 
imagine clearer metal. When contrasted with the 
best of ordinary iron, by a powerful microscope, the 
closeness and density of grain are strongly apparent. 

To such an extent has this been carried, that I 
can produce specimens of a considerably increased 
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speeifie gravity. The barrels made of this metal, in 
general, beat all tricd against them; with this great 
advantage, that the finer the polish in the interior 
the better they shoot, aud continue longer free from 
lead. The only difficulty is in the working; as the 
boring, filing, &., aro moro difficult, Moreover, 
greater caro ig required to see that they are not 
annealed,* when in the bands of the borer or filer ; 
for in such ease they would be considerably injured, 
though not to the same extent as barrels of a softer 
nature. I tested a great variety of bara by drawing 
hem asunder Jongitudinally by the testing machine, 
and tho average strongth of a vod ef GelGths broad 
by 5-16¢hs thick and 19 inches long, containing 
140625 solid inches of iron, was equal to a tension 
of 11,200 lbs. ‘This furnished a barrel having a 
thickness of metal in all parts of the arch equal, or 
3-16ths of an inch thick, capable of bearing an 
internal pressure of 6,022 Ibs. to the inch of the tube. 

The generality of barrel makers spoil this metal 
by an attempt to obtain figure ; for all extreme 
tyistings in the rod depreciate the metal, by separ 
rating the fibres; to borrow a simile, they obtain 
only an oyer-twisted rope. This is not only dig- 


* Dr. Ute falls into an error in describing the ‘process of barrel 
boring : he mys # tho barrel ta first properly annealed, and allowed 
to cool gradually,” dc, The barrel-maker that would twke gueh & 
proceeding with a barrel of ours should nerer do s9 to another, 
The Deetor ought to have pointed ont the evil tendency of this. 
We novor saw it done, and we doubt much whether he did, though 
we have heard of the practice, which induces us to notioe it, but 
the Doctor describes it as a necorsary procpeding, 
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the quantity of carbon contained in the metal— 
avoiding cast iron—will imerease or decrease, and 
thus regulate the degree of hardness of the metals in 
question. A quantity of metals dissimilar in this 
particular, mixed together, and ran into a vessel in 
a state of fusion, then, when cold, filed and polished, 
will show a variety according to the place they hold 
in the crystallised mass. Work and twist this mate- 
rial in all the tortuous ways and shapes it is capable 
of, and you only twist the fibres of the different 
bodies in the same way; and when they come to be 
acted upon by acid or oxidisation, they still retain 
their relative positions, forming the watering or 
figure, a3 was the intention of the tortuous twisting. 
All the beautiful arrangements in Damascus figures 


are obtained in this way. Metals containing more or 
less carbon will always produce this watering. To 
obtain a satisfactory proof, any person may case- 
harden afew pounds weight of stubs, and afterwards 
melt them in a crucible, and run them into a receiver ; 
when these are worked down into the bar (or not, 
as he pleases), dress and apply a little sulphuric acid, 


Cast steel, requiring more hardness, with chareoal . — 1-90th part. 
Stoel, capable of standing a few blows, Ivab quite 

unfit for drawing with ditto. » 5 Eb50th do. 
Fist approach’ ton steely qmanilated’ finetiand fs 

is from 1-50th to, Q » 4 140th do. 
Whito cast iron, with Sharoonl 4 } 5 » 126th do 
Mottled cast iron, with ditto < a . + 120th do. 
Carbonated cast iron. « : . 115th do. 
And supercarbonated Ghideirve ss 118th do, 








160 ON THE MANUFACTURE OF Thon 


Appearance, the bright parts being the steel, the other 
the iron. 


When about to be converted into Damascus, the 
rod is heated the whole length, and the two square 
ends put into the heads (one of which is a fixture) 
of a kind of lathe, which is worked by a handle 
similar to a winch. It is then twisted like a rope 
(or, as Colonel Hawker says, wrung as wet clothes 
are) until it has from twelve to fourteen complete 
turns in the inch, when it presents this appearance. 


By this severe twisting, the rod of six feet is shortened 
to three, doubled in thickness, and made perfectly 
round. Three of these rods are then placed together, 
with the inclinations of the twists running in oppo- 
site directions; they are then welded into one, and 
rolled down into a rod 11-16ths of an inch in 
breadth. Being pickled in acid, to eat away the 
iron, it exhibibits the following appearance :— 


This iron has long been held in great esteem. Tt 
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barrel to be little superior to a common barrel, in 
which the fibres run parallel to the bore. 

All the varieties of figured barrels are but modifica- 
tions of Damascus. The most endless variety possible 
may be attained ; a figure with the carbonised mate- 
rial, showing only the ends or edges of the various 
lamin, or portions of the face of that lamina, may 
with equal facility be obtained, if the patience of the 
artist be in proportion. It would be a never-ending 
task, a subject for many volumes, to endeavour to 
describe a tithe of the varictics that might be, and 
have been made. 

‘The Belgians arc very expert at this sort of orna- 
mental work. The very minute Damascus figure 
they frequently produce, is admirable, if beauty alone 
wore the advantage sought in a gun barrel, They 
use thirty-two alternate bars of steel and iron, and 
roll them into a sheet of 3-16ths thick, and then slit 
them by a machine into square rods; these are twisted 
in the way just described, but to such an extreme as 
to resemble the threads of a very fine screw: six of 
them are welded into one, instead of three as with us, 
‘Tho figure is so extremely fine as to appear not to be 
larger than the finest needle. I have seen barrels 
made in Liege, superior in minute figure to any real 
Damasous barrel, or sword cither, Our workmen 
here say the steel is better; which I am inclined to 
think is true: it is a branch of the gun manufacture 
they have long excelled in. The very best “ Damas- 
cene” workers are to be found at La Chafontaine, a 
few miles from Liege, where they dwell in as beautiful 
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a dell as fancy could wish, with a powerful hill-stream 
working their boring and grinding-mills, thus enabling 
them to send their barrels into Liege, ready for the 
filer, I have spent considerable time, and taken 
great trouble, to produce in Birmingham iron equally 
good; and I have succeeded: but, unfortunately, 
Englishmen are so extravagant in their idoas of 
yaluo, as to render the constant manufacture of this 
iron here, a losing speculation. It ean, however, be 
obtained from Belgium now, under the amended 
tariff, at ten per cent. on the value. It can be 
purchased there, ready for barrel making, at a franc 
per pound; and cheap it is at that price: two anda 
half francs would not purchase it here. 

‘That Damascus iron is incompatible with goodness, 
I can and shall clearly prove. Experiment with the 
testing machine shows a rod of wire-twist 3-Sths 
square, containing 16875 solid inches, as equal to a 
tension of 11,200 Ibs.; whereas a rod, when con- 
verted into Damascus of 11-16ths of an inch in 
breadth, by 4-16ths in thickness, containing 2-625 
solid inches, was only equal to 8,960 Ibs.; thus show- 
ing aclear loss of full thirty-five per cent. And when 
welded into barrels of the dimensions described, the 
relative internal strength of each is 5,019} lbs., and 
3,292 Ibs. do the inch of tube. This constitutes a 
great difference. But unfortunately that is not all. 

In the preceding chapter I noted the fact, that all 
sorts of iron lose a portion of their strength by being 
heated or softened; but I found that Damascus suf- 
fered more than any other sort of iron, excepting the 

M2 
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common kinds. For instance, the bar of wire-twist 
would, in the state it came from the rolling mill, bear 
11,200 Ibs., but, after softening, it would only bear 
10,180 Ibs., being a diminution of 10 per cent. A 
bar of Damascus suspending a weight of 8,940Ibs., 
the measure of its strength, when annealed, was 
7,8401bs., being a falling off of 124 percent. Thus, I 
trust I have clearly shown, that whatever other quality 
Damascus possceses, strength is not one of its pro- 
perties. Tt must not, however, be supposed that the 
above weight indicates its greatest strength; on the 
contrary, its strength can be increased full 224 per 
cent. by cold hammering. Still, however, it will only 
hold its relative position to other kinds of iron with 
respect to strength, since they are all capable of having 
their strength increased by the same process, 
Damascus barrels haye fallen much into disuse, 
being rarely seen except as pistol barrels,* which, 
together with a great quantity of counterfeits, are 
made for the South and North American trades, in 
the shape of double and single guns of a flashy 
appearance—all invariably veneered or plated with 
ribbons of this ornamental iron. I shall now dismiss 
this subject; after remarking, that certainly a very 
handsome barrel may be made after this principle, if 
too much twisting be avoided. It has been seen that 
the rods are twisted until there is fourteen turns in 
the inch of length: an excess productive of the detri- 
mental effect mentioned; while, had there been but 


* The London aukers are again using them extensively ; which 
is cortainly no proof of their judgment, 
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two turns, a large proportion of strength, if not all, 
would have been retained. One turn only, under the 
same circumstances, would vory likely be highly bene- 
ficial; indeed I have found it to be 80: ono twist 
binds the interior strands, as the outer does the 
interior in a rope, and thus adds strength. This 
shows that there is a mediam in all things. 

‘The use of old horse-shoe nails is of a date nearly 
coeval with the use of small fire-arms. These nails 
are made from rod iron of the best description; and 
the hammering cold, or tempering the nail, so benefits 
and condenses the iron as to improve it greatly. The 
method in use until a late period, was to fill and force 
into an iron hoop, of six or seven inches diameter, as 
many stubs as it would contain, to weld the whole, 
and draw them down to a bar of such dimensions as 
might be required. Modern improvement, however, 
has shown the advantage of cleansing the stubs per- 
fectly by a revolving drum, and then fusing and 
gathering them into a bloom on the bed of an air- 
furnace. Thus a body of from 40 to 50 Ibs. of 
melting iron can be obtained at one heat; a matter 
of economy and necessity, where large quantities are 
required, besides possessing the superior advantage of 
having the whole mass equally heated: this cannot be 
done by the old hoop method, as the surface must be 
frequently burnt before the interior is at all in a 
welding state. 

Experience taught the late Mr. Adams and his 
brother George—who still manufacture some of the 
best gun iron in the world—that the stub iron alone 





166 ON THE MANUFACTURE OF TRON 


was insufficient; for even then (forty years ago) the 
absurdity of imagining that no barrels were or could 
‘be good without being soft, was understood and acted 
upon by them. They introduced at first one-fourth 
of steel to three of stubs; this having been found 
highly advantageous, the prejudices of the gun- 
makers were gradually overcome, or left in abeyance 
from ignorance of the introduction. tis a fact, that as 
late as 1842, when T issued my former work, men who 
had been all their lives gun-makers (by courtesy) 
actually refused to believe that any steel at all entered 
into the composition of the best barrels; and several 
whom I know perfectly well, ordered the factors with 
whom they dealt “to be sure to send them no 
barrels with steel in, os they did not wish their 
customers’ hands to be blown off.” 

Charcoal iron has, up to this day, been the only 
stub twist barrels they (and wo believe two-thirds of 
the provincial makers also) have ever been served 
with. Reason with these men, and they will snap- 
pishly tell you, “We pay the best price, and we ought 
to have the best: we don’t sce that our neighbours 
have any better."| On one occasion of my calling 
upon one of the first provincial gun-makers in the 
kingdom, the subject of barrels was adverted to— 
“An excellent work that of yours, I dare say; but, 
sir, you have done a deal of harm: it is wrong to let 
gentlemen know too much; they give you far too 
much trouble: they get too knowing.” These, and 
such like observations, are the only thanks I ever 
received from the generality of the gun trade, Ther 
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are, however, some enlightened men who, understand- 
ing the subject, have appreciated my motives; but by 
far the greater proportion have done the reverse, 
asserting “that I had told them nothing but what 
they knew before.” 

The mixture of a portion of stecl with the stubs 
having clearly shown an improvement, an increased 
proportion has been adopted by various makers: we 
have had as high as three-fourths of steel to one 
of iron, Where proper attention is paid to the clip- 
ping of the steel to pieces, corresponding with the 
stubs, and properly mixing the whole, welding and 
forging by the heavy hammer, reducing by a tilt and 
rolling down to the smallest description of rod, a most 
excellent, tenacious, and dense body of iron is thus 
obtained ; while, by cutting into lengths of six inches, 
bundling a number together, and re-welding them into 
a bar, an increased density and tenacity is gained, by 
an increase in quantity, and an elongation of the 
fibrous system. Any description of barrel, of this 
iron, if made with a moderate degree of care and 
attention, is considerably stronger than any explosive 
fluid ever yet compounded could burst, under any 
circumstances bordering on fir experiment. 

The great advantage derived from welding on the 
bed of an air-furnace, arises from an absence of the 
minute portions of charcoal, of either wood or coal, as 
the case may be. Millions of these very minute por- 
tions are imbedded in the midst of the metal in every 
part. They are enclosed in cells originally of their 
own dimensions, but are drawn out with the fibres 
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to an indefinite extent, forming @ system of tubes that 
may be compared to the capillary system in trees, and 
making the iron of a spungy, compressible nature. 
It is the absence of these particles of charcoal that 
gives part of the superiority to steel as now made for 
gun-barrels; and the existence of a portion of them 
causes the inferiority of all other kinds of iron. In a 
chemical analysis of iron, a large portion of crude 
eoal-charcoal or wood-charcoal is found, according as 
either has been used during the manufacture. This 
is not of course given as so much carbon in the result, 
though the injury is equally detrimental as an excess 
of carbon is to the goodness of the metal; for it 
renders the whole porous, and liable to attract mois- 
ture and induce ‘oxidation. It must be kept pro- 
minently in view, and clearly comprehended, that the 
denser the body of metal, the loss the liability to 
oxidise, or in other words rust; and here is the one 
great preservative principle in good iron: “ it is the 
fibre of dense cocoa-wood, compared with that of 
willow or saugh.” In all situations and for all pur- 
poses, where iron is liable to sudden changes of either 
heat or cold, wet or dry, the very best of iron should 
be obtained ; as it will be less affected by the changes 
of temperature, and amply repay by its durability the 
extra cost in the first instance. 

‘The very extensive round of experiments to which 
I have submitted mixtures of this nature, clearly 
establishes all the conclusions I haye formed on these 
points. The strength of the mixture, three parts 
steel to one of stubs, gives a resistance in the rod of 
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6-16ths broad by 5-16ths thick, and 12 inches long, 
containing 1°40265 solid inches, equal to 10,295 Ibs. 
before separating; thus being equal, in a barrel of 
the dimensions before mentioned, to an internal 
pressure of 5,555 lbs. to the inch of tube. The 
proportions mentioned in my previous work are 
25 Ibs. of stubs to 15 Ibs. of steel; the strength of 
this mixture in the rod is equal to a tension of 
8,960 Ibs., and the barrel is capable of restraining a 
pressure internally of 4,818 Ibs., making full 15 per 
cent, dissimilarity in favour of the larger proportion 
of steel: indeed, all experience points to the great 
advantage, that steel, properly worked, possesses over 
iron alone. Great good can be effected by condensing 
iron by hammer-hardening ; greater than I haye 
shown steel to be capable of receiving additionally : 
as, already haying it naturally, there is no necessity 
for using artificial means to obtain it. Nor is steel so 
liable to depreciation in the hands of an inexperienced 
artisan; as the degree of expansion is not more, in 
the large proportion of steel mixture, than a loss of 
strength equal to 4} per cent. by heating and 
cooling gradually. ‘The losa in the mixture con- 
taining less steel is 7} per cent. The specific gravity 
of the two is im proportion. 

‘The frequent welding and re-rolling of iron is of 
the most beneficial tendency, the elongation of the 
fibres being highly advantageous ; for, a fibrous piece 
of iron may be compared to a wire rope, the more 
strands the greater tenacity ; and the smaller the 
strands, even up to a proximity of fineness to the 
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human hair, the greater the weight they will bear in 
tension. One large wire which, when single, will sus- 
pend 500 Ibs., will, when drawn down to six small ones, 
suspend 600 Ibs. ; and so on to the greatest extreme. 
Another great advantage received by the repeated 
reworking of iron, is obtaining an increased density ; 
for when this is secured to a cortain extent, you have 
closed in proportion the pores of the metal; and in 
this state it is not liable to that degree of expansion 
or contraction, or that fluctuation in strength, which 
arises from softening the iron. Nor can you gain, 
save to a limited extent, any improvement by ham- 
mering,—hammer-hardening, for instance,—simply 
because it is already improved to the utmost extent we 
are at present acquainted with. 

How wonderfully beneficial to mankind is this 
beautiful arrangement of the metallic fibrous system ! 
Without it what could we do? our manufactures 
would be confined to simple castings, or crystalliza- 
tions, possessed merely of strength in proportion to 
the cohesive nature of the metal. Where would be 
all the wonderful springs whose fineness vies with 
the silken fibre? Of what could they be con- 
structed? All-powerful gold would not suffice, nor 
silver ; though each, in its place, possesses wonderful 
properties. Gold and silver may both be spread in 
the thinnest conceivable coat over space incredible; 
on the gilded cup, or, still thinner by electric agency, 
on the plated epergne. But iron alone is to the arts, 
the “summune bonum,” for which there is no substi- 
tute; itis the * sine gud non” of practical mechanics. 
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Improvements in the manufacture of a very 
superior iron may, we believe, be placed to the 
credit of the gunmaking profession exclusively ; no 
other body or class of men having ever yet deemed 
it worth their trouble to endeavour to obtain anything 
of a better description than bar iron, suitable to make 
steel from. Mr. Mushet, from whose work T have 
already quoted, has evidently been more intimately 
aequainted with the routine of iron manufacturing 
than any other person I ever met with or read of: 
he understands the question perfectly ; yet he seems 
to care for nothing further than a suitable steel iron. 

How many and how fearful have been the explo- 
sions by all-powerful steam since the period of its 
introduction. How many weeping widows, and how 
many fatherless children have had to mourn its 
effects! Yet what has human ingenuity done, what 
have the wonderful energies of the present race of 
scientific men accomplished to stay this annual 
slaughter ? Comparatively little beyond discovery 
of mysterious causes where none exist. It reminds 
me of my first lesson in coursing—‘ If you want to 
find a hare, young man,” said the keeper, “look at 
your feet: you will not find her at a distance.” So 
it is with the state of knowledge on steam boiler 
explosions ; if you want to find the cause, look “at 
your feet:” do not endeavour to envelope in mystery, 
what you may find in simple and natural causes, 

I may here observe that I kaye been professionally 
engaged to inspect the effects, with a hope of finding 
the cause, of thirty-four cases of explosion, where the 
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sacrifice of human life was above an average of two 
each, or nearly one hundred, and I never yet have 
found one single case which could not be clearly demon- 
strated to have been caused either solely by neglect 
of the superintendent, or from sheer ignorance on the 
part of the engineer constructing the arrangement of 
boilers. For every accident may sweepingly be said 
to be occasioned by a want of space for the escape of 
the steam: a too small yalye, in the first instance, 
and in the second, a villanous construction of what 
is called iron boiler plate—a concentration of the 
veriest rubbish, under the name of wrought iron, ever 
gathered together. or this reason, I have drawn 
the reader’s attention aside for a few moments. 

The improvement of boiler-iron may detain us 
slightly, if by the delay any good can be accomplished. 
For an inconsiderable increase of outlay, a boiler 
might be rendered doubly safe to what it is at 
present, by simply using moderate caution in the 
selection of scrap iron, a perfect cleansing of that 
scrap, and by fusing the bloom on the bed of an air 
furnace. The great advantage would be that you 
would get a stronger, a much denser, and conse- 
quently a much better, metal: nor is this all the 
advantage; you might use a very much thinner plate, 
which would yet be equally strong; and science will 
tell you that steam would be more easily generated, 
as heat is more rapidly conducted. 

‘There is a very handsome description of barrel- 
iron made, generally termed “ Stub-Damascus.” 
‘The method of preparing it, is of late considerably 
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altered. A quantity of old files are hardened, by 
being heated red-hot and immersed in water, then 
broken in pieces with a hammer, and afterwards 
pounded in a mortar until the pieces do not exceed 
in size a corn of number five shot. A proportion of 
15 lbs. of these to 25 Ibs. of stubs, is fused together on 
the bed of an air-furnace, beaten down, and rolled 
into rods. The rod of 3-Sths of an inch square, is 
twisted like a rope, precisely in the same way as the 
Damascus. The effect of this winding, is to give a 
beautiful mottle to the barrel; which will be found 
depicted in plate No. 3. 

Another mixture, represented in plate No. 2, was 
first made by Mr. Wiswould, of Birmingham. It is 
a compound, so far as I have been able to ascertain, 
of three parts of steel to two of iron, intimately. 
blended and intermixed, and twisted as just described. 
It is & most beautifully clean and dense iron ; but the 
extreme twisting is to it, as to all, highly injurious 
and projudicial. The twisting is similar to the 
Damascus ; only that two twisted rods are welded 
together instead of three, and with the twist of the 
strands running in opposite angles, as depicted in the 
wood-cut below. 


The degree of strength is similar to that of the 
stub, and other Damascus; it being quite certain, 
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that, be the composition what it-may, this rending of 
the cohesive attachment by twisting, will eventually 
equalise the strength of the whole. 

The use and introduction of what is called 
“ charcoal-iron,” is one of the shams reared and 
supported by the hotbed of competition and decep- 
tion combined: a wish to foist on the purchaser a 
counterfeit for the real metal. I would not give 
shop-room to the best barrels ever made from such 
a compound. I hate a scoundrel and a hypocrite ; 
this iron exemplifies the qualities of both. 

This worthless compound consists principally of 
cuttings of sheet iron; of which there is an endless 
supply in the neighbourhood of Birmingham, from 
punchings and from one inferior metal and another. 
After properly cleaning, a quantity is put into a 
charcoal furnace and melted, cast into a pig, then 
forged down to a bar, and rolled into rods corre- 
sponding with the size of stub twist, which it is 
intended to represent. ‘Lhe action of the charcoal 
communicates to it a portion of carbon, which, when 
stained in a certain way, gives an appearance much 
resembling that beautiful metal just mentioned (stub- 
Damascus); but if every means imagined by the 
inventive faculty of man were employed upon it, 
it could not be made into really good iron. An iron 
which is technically termed “ weak,” can never He 
made a strong bodied iron, or an “iron suitable to 
make steel,” to repeat a former quotation. The 
original iron from which these scraps generally come, 
is required to be “weak” iron, for the facility with 
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which it can be rolled into plates; a strong fibrous 
iron is not necessary. 

Its greatest strength appears to be as follows: 
7-16ths of an inch broad, and 5-L6ths thick, solid 
contents 1°40635 inches, will bear a weight of 10,080 
pounds; so that if my calculations are correct, it 
will bear only a pressure of 4,526 pounds in the 
tube. The loss of strength by heating or softening, 
being fall 10 per cent, 

This converted iron, however, will not endure the 
test of browning by smoke, or, more properly, flame ; 
as the oxygen invariably destroys the appearance of 
steel in twelve hours after its application. By tho 
old method of staining, it would be as impossible 
for any man, who was not a judge, to point out the 
real from the counterfeit, as to discern a copy executed 
by a clover artist from an original painting by ono of 
the old masters. 

But deception is ever fertile in expedients, and an 
ingenious invention was soon found out to imitate 
the advantage possessed by the “ smoke brown,” 
which they obtain by first browning or staining the 
barrels very dark. A weak solution of muriatic 
acid, or spirits of salt, is applied very lightly with 
a sponge, and the colour is extracted from those 
portions of the iron left more prominent, by the 
excessive pickling they are subjected to before 
staining; they are then immediately dried, scalded 
with hot water, and the stain is complete; it is a 

I have already stated that this iron is very much 
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used in consequence of its cheapness; its cost being 
only fourpence per pound, while stub twist costs 
fiyepence. It is also easily worked, being consider- 
ably softer than any of the above-described kinds of 
iron. 

Tt may be asked, why so much inferior iron is 
used, when the difference in the price between the 
good and the bad is only a penny per pound? The 
reason is this:—If a barrel filer receive an order 
for a pair of barrels, he (having probably deceived 
his customer before, or, at any rate, knowing that 
he can deceive him without running any risk of 
detection) sends to the welder sufficient charcoal-iron 
to forge these barrels. Should the quantity amount 
to ten pounds, he, of course, saves tenpence. Tho 
welder receives two shillings less for welding this 
description of iron, than for welding stub-twist ; so 
that here is already a saving of 2s. 10d. At the 
boring-mill, and the grinding-mill, the charge is also 
proportionate: the wages of the journeymen are less ; 
so that by imposing on his customer one pair of 
barrels manufactured of this sort of iron instead of 
the real stub-twist, ho pockets a clear gain of above 
9s.; and should he manufacture one hundred pair 
of such barrels in the year, it would make at 
the end no small item in the year’s account of 
profit. 

Thus it is with all description of barrels. The 
charge for making, by each workman, in the various 
stages of the manufacture, is according to the quality 
of each pair of barrels. The saving, then, to the 
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respectability engraved upon them, and palm them off 
upon some dealer as a good article. 

I commend to the reader the advice of “ Edward 
Davies,” a gentleman who wrote in 1619; who says 
“He that loves the safetie of his own person, and 
delighteth in the goodness and beautie of a piece, 
let him always make choice of one that is double 
breeched ; and if possible, a Mylan piece, for they 
be of tough and perfect temper, light, square, and 
bigge of breech, and very strong where the powder 
doth lie, and where the violent force of the fire doth 
consist, and notwithstanding thinne at the end. Our 
English pieces approach very neare unto them in 
beautie and goodness, (their heaviness only excepted) 
so that they be made of purpose, and not one of 
these common sale pieces, with round barrels, where- 
unto a beaten souldier will have great respect, and 
choose rather to pay double money for a good picee, 
than to spare his purse and endanger himself.” Truly, 
the fraternity have always, we find, been of doubtful 
honesty : always making “sale pieces.” 

“ Threepenny skelp iron” is made from an inferior 
quality of scrap to that from which “charcoal iron” 
is made; but unlike it, there is no pretension of 
quality. Its inferiority is not denied; it is poor in 
quality, and suits parties who cannot buy better. 
‘The method of preparing is by an air-furnace, forge, 
tilt and rolling mill, as before described. The greatest 
strength of a bar 11-16ths broad by 3-16ths thick, 
containing 15468 solid inches, is 7,340 lbs. ; or equal 
to an internal pressure of 3,841 1bs. to the inch of 
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by a yaricty of circumstances. The pressure of a 
certain quantity of powder, on which a certain weight 
of shot is placed, is so many pounds to the inch; and 
if you double that weight of shot, you nearly double 
the pressure. In estimating the force of pressure, the 
opposing friction is also to be taken into account. Tf 
the gun be allowed to get very foul, then friction is 
increased, and of course a still greater pressure is 
thrown on the tube of the barrel. All these circum- 
stances being taken into consideration, I repeat, that 
no barrel is safe, whose power of resistance is not more 
than double the strength of a charge of sufficient force 
Jor general shooting, Every bad gun should be 
thrown aside as unsafe, or used with the greatest 
cantion. Bad and inferior guns are made from 
the foregoing material; snd not many years haye 
elapsed since it was thought good enough for military 
arms. 

‘Sham damn skelp” is made from the most inferior 
scrap. I should not baye mentioned this description 
of iron had I not seen hundreds of barrels made of it 
all which are utterly unfitted for the use of any person 
who cares at all for his safety. I have met with them 
frequently under the dignified name of twisted barrels, 
Guns that are fitted up at from ten to twelve shillings 
each are not of course patent breeched, but are made 
to appear go by staining them generally blue, and hy 
haying a couple of bands to imitate platina, across the 
squares, A projecting part is welded on to the side, 
into which the nipple is inserted, and the lock joints 
neatly under it, Many of them are good imitations; 
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urged, “ we could not compete with our rivals in 
Germany and the Netherlands." True, we should 
not be their rivals in the production of rubbish; but 
the superiority of our guns would then command a 
better market. By sending to the market an article 
no better than theirs, we have made foreigners indif- 
forent about the purchase of ours: they say “ The 
English guns are no better than the Belgian or Ger- 
man; we may as well purchase one as the other.” 
‘The force of this remark is illustrated by the state of 
the African trade. The base kind of articles we 
supplied them with some years ago, has produced a 
distrust of our manufacture, which will not easily be 
removed ; and a similar distrust is engendered by the 
same cause in the minds of our present customers, Tt 
is much to be deplored that the eagerness for present 
gain, should render men blind to the consequences of 
their conduct, and lead them to prefer the immediate 
gratification of their avarice even to their own future 
prosperity ; to say nothing of the welfare of the trade 
of the country. 

The method I suggested of testing all iron in the 
bar would go far to destroy this trade. I have not 
thought it worth while to test this iron. But 
twist barrels are made of it. Should the reader 
meet with a double gun so made, let him avoid it: 
it is unsafe, unless it be so heavy as to be un- 
manageable. 

A great many long rifle barrels are made of this 
iron, principally for the American trade; but from 
their immense weight, and the small charge of powder 





184 ON THE MANUFACTURE OF IRON, ETC. 


and other parts of the gun which they think worthy 
of good iron; but since cheapness has become so 
much the order of the day, the use of this iron is 
confined to the forging of best gun-work, cast 
iron being thought quite good enough for common 
gun-work. 





186 GUN-MAKING. 


can only be effected by some hours’ using, which is 
generally employed in the production of a number of 
yery inferior barrels. As the London people made no 
common guns, and needed no inferior barrels, they 
welded their best barrels in a raw, untempered fire 5 
and hence arose the admitted inferiority of their 
work, The late Mr. Fullard struggled long and 
hard in the competition; but with his death, barrel- 
welding ceased in the metropolis, Indeed it would 
have been highly imprudent and unprofitable for any 
one to have entered upon such a speculation; there 
being no certainty of success, but rather of the con- 
trary. The Birmingham barrel-welders are wonder- 
fully clever smiths: they cannot be excelled, If 
ridden with a curb, they do well; but no opportunity 
must be given them, or to a certainty they will 
“bolt” from the true path, 

The metal rods are twisted by means of two iron 
bars, the one fixed the other loose. In the latter 
there is. a prong or notch to receive one end; and 
when inserted, the bar is turned by a handle, The 
fixed bar preventing the rod from going round, it is 
bent and twisted over the moveable rod like the 
pieces of leather round the handle of a whip. The 
loose bar is unshipped, the spiral knocked off, and 
the same process recommenced with another rod. 
‘The length of all the spirals depends on the breadth 
of the rod: for instance, the stub-twist has sixteen 
cireles in six inches long; a rod of five feet will make 
a spiral of only seven inches; while iron, of an inch 
in breadth, will make a spiral of as many inches 
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long as there are twists: hence the reason why best 
barrels have more joinings than common ones of 
equal length. 

The Damascus being rolled into rods of 11-16ths 
broad forms a spiral with the appearance shown in 
the accompanying woodcut. 


The fancy steel barrels and others, where the rod 
is formed of more than one piece, such as the stub 
Damascus, &c., is of rather greater breadth, like the 


representation below. 


The iron made from stubs and steel, and plain 
fibrous steel, is invariably rolled down into rods of 


6-16ths broad, forming a spiral, as below. 
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A proper attention to the fineness of the spital will 
always enable an amateur to detect any attempt ab 
imposition, 
~ ‘The spiral formed from the rod of charcoal iron 
has a somewhat different appearance; but in cases 
where it is intended to supply the place of the real 
stub iron it is of corresponding dimensions, and in 
general very difficult to detect without a very intimate 
knowledge indeed of the nature of iron. When 
honestly intended, it forms a similar spiral to the 
accompanying one. 


The wideness of the twist, or the angular diree- 
tion of the fibres, will enable the most uninitiated to 
recognise a barrel made from threepenny skelp iron: 
the very few welds required, is one cause of the 
cheapness of barrels made from it. Judgment may 
he formed of it from the following representation. 


Twopenny, or Wednesbury skelp is coarser in the 





BARREL-WELDING. 189 


spiral still, and running so angular as not to be very 
difficult to detect. 


All iron formed in spirals, a3 a matter of cer- 
tainty, forms twist barrels—the parties whose use they 
are intended for, seldom know or care for anything 
further than having “a twist barrelled gun.” The 
advantage of sham damn iron being twisted is all 
imaginary: if used at all, it may be twisted; but 
those who yalue their safety would consult it best. by 
tying a large stone to such a gun and sinking it 
fathoms deep. But to satisfy those who may fancy 
such things, I give a woodeut of the spiral ready for 


‘The spirals being thus formed, the welders commence 
their day's work, The batch consists of a foreman, 
one on whose skill all depends, and two subordinates, 
whose duty itis te blow the bellows, strike, &, 

They proceed to weld probably a dozen long 
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common barrels for the American trade; which are 
generally composed of the inferior iron mentioned 
before, rolled into two lengths of different thick~ 
nesses. These skelps are heated, and beaten on a 
groove until they form a tube half closed. They 
are then heated again, and closed with one edge 
over-lapping the other; as a brazier would over-lap 
the edge of a tin pipe, for boys to blows peas with. 

Haying got the two lengths of the whole dozen 
turned into tubes, they proceed to weld the longer 
length or forepart, by heating it sufficiently for four 
or five inches, introducing a mandril of the required 
size to suit the bore wanted, and then beating it 
into a perfect tube, in a groove on the anvil, of 
corresponding diameter; heating it again and again, 
until the joint is closed the whole length. They 
then proceed with the other eleven foreparts, and 
advance the whole to that stage before welding on 
the breech lengths; which are now partially heated 
by laying on the outskirts of the fire, to be in readi- 
ness: they are then closed the same as the fore- 
parts. The end, when about to be jointed, is opened 
a little on the peam of the anvil, to admit a portion 
of the end of the forepart ; which is introduced 
as soon as both are in a welding state: the mandril 
is then introduced, and the joint is perfected, in less 
time than we have occupied in the description. The 
other part of the tube is closed, and the barrel is 
then complete. Tf, however, the breech part is to be 
square or octagon shaped, it is not welded in a groove, 
but on a plain surface. 
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Competition has reduced this department of the 
trade to a low ebb; thousands of these sort of barrels 
being now annually welded for about eightpence each: 
if to this we add one penny farthing per pound for 
six pounds of iron, we get a forged gun barrel for one 
shilling and threepence halfpenny. ‘This is certainly 
a poor remuneration for sweating over a furnace 
containing from two to three hundredweight of 
intensely heated coal. The introduction of welding 
by the rolling mill, will eventually supersede this 
arrangement; a matter to be regretted only on the 
score of its answering the purpose of preparing the 
fire for best welding. Of late years rolling has nearly 
superseded this description of welding. 


They now commence the welding of twist barrels, 
Spirals that are intended for the breech end, are 
heated to a welding heat for about three inches, 
remoyed from the fire, and jumped close by striking 
the end against the anvil. Again they are heated, 
and again jumped, to ensure the perfect welding. 
They are then beaten lightly in a groove, to make 
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ling these barrels for the parpose of showing the 
figure of the Damascus, I discovered that the iron 
seemed to be much more easily eaten away at the 
muzzle than on the surface. This led me to examine 
them, when I found that the inside was entirely com- 
posed of iron, over which the covering of Damascus 
had been twisted. But for the pickling, this frand 
never would have been detected; yet for these barrels 
I was charged at the rate of two barrels for each. 
Since this occurred, I have subjected many heavy 
barrels to examination, and have found the fraud to 
be very common. The practice is not only dishonest, 
but spoils the gun, by destroying the shooting power, 
in consequence of the metals, being of different tempera- 
tures, not acting together at the moment of expansion. 

Veneering or plating barrels is more extensively 
practised in Belgium than in any other nation we are 
acquainted with; they do not conceal it, but they 
use equally good iron, though not ornamented iron: 
of this there is much doubt. The method of accom- 
plishing this is by having the iron required rolled down 
into ribbons of a thin description; these are twisted 
spirally round a tube of common iron having the fibres 
ruming length-ways, or parallel with the bore. The 
accompanying cut will convey an idea of this method, 
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and if they expect to have the job of filing the barrels, 
they will surely recommend you soft iron, stub-twist, 
or charcoal-iron. 

Boring and grinding gun-barrels generally take 
place under the same roof; the borer occupying 
a yery small shop, the grinder a large one. ‘Two 


men and two boys are generally found in a shop. 
There are four benches, to each a spindle, in which 
there is an oblong hole to receive the end of the 
boring bit, The barrel is secured on a sort of 
carriage, which is at liberty to traverse the whole 
length of the bench. A boring bit is then selected 
of suitable size; it is put into the spindle, and the 
point introduced into the end of the barrel. A 
sort of lever is then taken and hooked on to a kind 
of staple, or a piece of hooked iron (a number of 
which are fixed in one side of the bench the whole 
length), and passed behind the carriage to force it up 
to the bit; this is removed and fixed again, until, by 
forcing up the carriage, the boring bit has passed 
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to the ignition of the gunpowder, but solely from 
the effect of the angular shape; conical form being 
best suited, or presenting the least direct surface, 
to the action of the exploded fluid: the angles 
receive the blow and throw it off at the same oppo- 
site angle, and so on, without receiving any amount 
of force from the element striking it, and thus the 
elastic fluid is enabled to be resisted efficaciously. 
‘The cone becomes and forms an artificial solid base, 
to a certain extent; and as such, it is much more 
beneficial than the same quantity of powder ignited 
on a flat surface—as a common plug breech, for in- 
stance ; for here the direct quantity of space on the 
face of the breech receives the came impulse as the 


ball projected, and is acted upon in precisely the 

same ratio in proportion to their different weights, 

In a musket of 11 Ibs, the comparative weight of 

gun and ball is as 1 to 176; and exactly in that 
r 
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proportion will be the distribution of impulse from 
the expellant fluid. It thus becomes a plain question 
between the patent breech and the flat surface of — 
the plug. The two halves of a parabola inverted, 
or the shape of a parabolic spindle, will be the best 
shape, according to the laws of science. The repre- — 
sentation given on page 209 is as near as I can get 
the engraver to represent my views of the bets stra] 
of breech. 

A great variety of forms have been adyocated and 
puffed; some of them of the most unscientifie de- 
scription possible: but it matters nob; for if a 
zealous advocate could be found to puff well the 
advantages of the old matchlock, he would find 
believers ; so prone are mankind to be deluded by 
the veriest quackery, The absurdity of exploding 
gunpowder in a shell at the breech of a gun, and 
persisting in the advantage of it, is certainly tilting 
at a windmill. It will be asked how it is that 
Government do not adopt the patent breech in thie — 
musket? I answer, because of a want of science in 
the direction, and an imperfect system of experiments. 
Tn fact, they say they do not find any advantage from 
the patent breech in a musket: that the range is as 
great without it as with it. 

Government never considers the personal comfort 
of the private zoldier, or it would have long ago 
used the patent breech for military arms; for, setting 
aside the propellant advantage, the recoil is (as near 
as ete ese as fo petcertale) once 
circumstances, as one to two in favour of the ang 
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sion should have the greatest strength of main- 
spring at the moment they strike the nipple, or 
as it is termed, when the lock is down, On the 
pitching the scear depends the cutting of the bents, 
and on their formation, the danger of the lock 
catching at half-cock, when the trigger is made to 
pull easy ; but these observations will be understood 
by a lock-maker better than I can explain them. 

‘The quality of all locks depends on the price they 
cost filing, and unless you pay the workman a proper 
remuneration, you may rely on having them some 
what inferior, or in accordance with the price: but 
this requires a workman to point out; so that any 
person who is not a first-rate judge, is completely 
dependent on the honesty of the workman. 

There is more real science displayed in the con- 
struction of a gun-lock than mechanics in general 
imagine. The placing or hanging of the swivel on 
the arm of a tumbler, is an arrangement of leverage 
partaking of the multiplicate; as the weight when at 
full cock, is lessened by the lever bringing the moving 
force in the immediate vicinity of the axle, and when 
down on the nipple, increasing or multiplying that 
force by the divergence. The Barside lock possesses 
this advantage to a greater degree than has yet been 
obtained by any backwork lock yet mado; though I 
perceive no hindrance, if properly understood and 
tried: it is only needful to obtain a greater length of 
arm, and a proportionate length of swivel. 

The family of the Braziers, of Wolverhampton, 
have long been celebrated for the goodness of their 


| 
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and as straight a stock as they can conveniently bring 
to the shoulder. All practised shooters have gene- 
rally so accustomed themselves to one shape, that it 
would be prejudicial to change. The practice of 
throwing off a stock at the butt, or bending from the 
hand to the heel-plate, in a direction to the right, so 
that the eye may get more readily in a line with the 
centre of the breech and the sight, is a practice not 
to be defended on scientific principles. The body 
will suit itself best; and if the stock be not too 
straight, the eye will always find the true line. 

The percussioning of a gun (as the fitting-in of 
nipple, boring breeches, filing cocks, &c., is termed,) 
is also a mechanical operation, requiring workmen 
of the very best abilities. The desideratum to be 
obtained is nearly a direct communication into the 
barrel, and an absence of unnecessary angles, ante- 
chambors, &c.; therefore it is needful that, in a 
double gun, the nipples should be inserted as near 
the centre of the breeches as they can be conveniently 
placed, with the nipples standing, not upright, but 
at an angle of 45°; so that the blow of the cock 
shall be in or as near a line with the imaginary 
upright of the nipple as possible. 

‘The various plans of copper cap, copper tubes, and 
I know not how many other devices, will be discussed 
under the head of guns and shooting. 

Finishing the stock, polishing, engraving, harden- 
ing, &c., strictly speaking, involve no science of eon- 
sequence, and as such it is scarcely necessary to 
oceupy the attention of the reader respecting them, 
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days. The offect that the mercury has on every one 
of the joints of the fibres is wonderful: it never fails 
to make them, in two or three days at most, a 
beautiful brown ; while the other parts, being harder, 
remain, comparatively speaking, quite light. The 
rast is killed by hot water, but after that, the barrels 
are suddenly immersed in cold water; which has the 
effect of heightening the brightness of both the 
colours. The appearance is beautiful, and equally 
as fine to the eye as stub-barrels browned in the 
same way; though this process is mostly used for 
the charcoal iron and the threepenny iron bartels, 
‘The only method in which there is no deception, 
is the smoke brown or stain; and, plainly speaking, 
this and no other is the reason the gun-makers 
condemn it. As the acid is decidedly weaker, and 
of course less liable to impart injury to the iron, 
no barrel can be browned by it, to look well and 
fine, but the best; or, in other words, none gaye 
those possessing steel in their composition. 

The method of staining is this; the barrels are 
anointed with a little vitriolic acid, to cause the iron 
to receive the effect of the gas more readily; it is 
then washed off, and the barrels rubbed dry, The 
forge fire must then be lighted, and blown up with 
coal possessing as much hydrogen gas and as little 
sulphur as possible. When the coals are burnt till 
they give out a clear white flame with no black smoke 
around it, the barrels must be passed gradually 
through that flame backward and forward, until 
the whole are covered with a black sooty cover- 
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for by that means you obtain a greuter gloss. The 
principle of this stain is simply thus: the hydrogen 
gas contained in the coal acting on the iron (from 
being of a softer nature than the steel, which it does 
not affect), and the flame also possessing a quantity 
of tar, it is imperceptibly embodied by the iron 
during the action of the oxide; and, when finished, 
by filling up the spaces created, it becomes decidedly 
more impervious to damp or wet than the other 
stain, which is entirely composed of the oxide of 
iron. 

‘The only objection to this brown has been found 
to arise from the discharge of the black colour from 
the softer parts of the barrels ; as it being but coal tar, 
the sweat of the hand, hot water in washing, &e., 


invariably extract it in a comparatively short time. 
The recipe, for the Birmingham imitations, is as 
follows :— 


1 oz. sweet nitre. 

4 oz. tincture of steel. 

} oz. blue vitriol. 

6 drops nitric acid. 
14 grs. corrosive sublimate. 
1 pint of water, 

When the barrels are dark enough, drop a few 
drops of muriatic acid in a basin of water, and wash 
the barrel slightly, to brighten the twists. 

This last process is borrowed from the Belgians. 
In the working of their extremely fine Damascus 
barrels, they found a very great difficulty in staining 
them so as to produce a clear and distinct figure, 
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‘The way they now proceed is either to eat away the 
particles of iron, leaving the steel prominent and 
the barrels bright ; or they polish them extremely fine 
from end to end, and then blue them in a stove with 
charcoal. The process is thus described in the notes 
to a German translation, by Dr. Schmidt, of Weimer, 
of my last edition of the “ Science of Gunnery.” 

“ The method of browning the Damascus barrels, 
which are so much admired in England for their 
distinctness in colour and beauty of figure, is obtained 
very simply: namely, first burnish the barrels very 
fine; then cover them with bone oil; pound, or drop, 
or strew wood-ashes all over; then heat them in a 
cage of wire filled with charcoal, until you obtain a 
dark first blue; after they are cold, mix a emall 
quantity of sulphuric acid in water (a quarter of a 
pint with so many drops); then take « hard brush 
and apply it to the barrel, when the acid will extract 
the colour from the steel, leaving the iron with its 
greater adhesion covered with the blue colour, Great 
care must be used and skill displayed to keep a good 
colour and not to extract too much.” 

This we cannot do, because we solder with tin. 

The “Belgian Damascus” barrels are generally 
“eat up,” as it is technically termed. “ Pickled” 
is the term also used to describe the process, which 
is simply eating away the softer metals from around 
the steel or harder material. The best preparation 
for this purpose is 1 1b. of the sulphate of copper 
(known as blue vitriol) dissolved in a gallon of soft 
water, at the boiling point, and continued boiling in 
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an earthenware vessel, until the quantity is reduced 
by evaporation 25 per cent.; let it cool, and then 
pour it into a leaden trough or bath, ‘The barrels, 
when properly secured at the muzzle and breech-ends 
to prevent the liquid getting into the interior, are 
immersed therein. The solution will act sufficiently 
upon the metals in the space of from fifteen to 
twenty minutes ; care being taken to remove and 
carefully wash them with cold water, and then, after 
observing the progress of the pickling, re-immersing 
them as before, until the operation is complete. 
Then pour boiling water over them, and scratch them 
well with a steel brush, which will eventually give 
that beautiful bright “wavy” surface much admired 
by many people. Laminated steel barrels also look 
very well, after being subjected to this operation. 

Having now detailed as much of the * modus 
operandi,” as the patience of the reader will admit, 
I shall endeavour to give a peep into the “ sanctuns 
sanetorum” of the gun-makers’ workshop. I haye 
shown in detail what course ought to be pursued 
in the construction of guns of the best quality 
only; and before proceeding further shall finish this 
part of the subject. Iam not, as some would say, 
“going to expose the whole secrets of the trade:” 
oh no, only a portion. 

There are six qualities or varieties of mixtures of 
iron for barrels of best quality. The plate-facing 
contains two kinds finished, composed of steel entirely, 
but of different degrees of carbonization; one is com 
posed entirely of a laminated series containing many 
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until, from the beautiful and interesting results, it 
would become with me a sort of monomania, IT 
wonder not at the variety of patterns in a Damascus 
sword-blade: the mind conveys me to the scene, and_ 
a regret arises that I did not live in those times; yet 
still it is but a mechanical arrangement directed by 
an ingenious mind, and the ultimate benefit, apart 
from the beauty, is more than imaginary, How- 
ever, it proves that the Orientals were artists, and 
that they were appreciated : were this the case now 
with us, we could do all they ever did, and more. 
Laminated steel is now a great fact. Tt is a name 
stereotyped in Belgium, Germany, France, and Ame- 
rica, as well as in the place of its birth—England; 
and orders come from all quarters of the globe for the 
celebrated laminated steel. Every writer of eminence 
is loud in its praise, and justly so too; for about its 
merits there is no mistake. No combination of metals 
ever yet before tried since the birth of gunnery, can 
equal it, either in density, ductility, or tenacity. A 
laminated steel barrel has never been known to burst. 
* Reputed” laminated steel barrels have been burst, 
but no real one ever. Nor is it probable, save from 
malconstruction. Through inattention in the weld- 
ing the best of metal may be burnt; but the better 
the iron, the greater the difficulty. Steel is more 
liable to melt than burn; so that, with care and 
skill on the part of the workman, it will very 
seldom indeed occur. But that chance is provided 
for, as far as human judgment can do, in entrusting 
such barrels only to first-rate and steady workmen. 
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Such men are no doubt, to a certain extent, scarce ; 
but they may ‘yet be found: the Birmingham welder 
of proved skill and ability is inferior to none in the 
world. Laminated steel barrels are more scarce than 
welders, 

Although the various manufacturers of Kurope 
have complimented me by adopting the name of 
my invention, yet I am sorry to add it is but in 
name: there are very few even tolerable imitations of 
them. The cost is the “bugbear:” the name costs 
nothing, and can casily be assumed; but to make 
laminated steel barrels is quite another matter: it 
touches the pocket, and interferes with the profit; 
and it is only in very rare cases indeed—although the 
order may be oxplicit as words can make it—that the 
real article is supplied. There are very few makers 
in Birmingham who in reality make “laminated 
steel.” Steel barrels are more plentiful: they care 
not 80 much for the price of the metal; it is the after 
repeated manipulations that are evaded: the labour 
and loss of material is too much, and is necessarily 
“shirked,” and argument is always mot with the 
answer, “ We see nothing in it.” Yet the words 
“laminated steel” are to be found engraved upon 
barrels of the lowest quality of iron of which double 
barrels are made. Ivon twist is subjected to a similar 
process to that already described as employed in pro- 
ducing Damascus iron, and which may be termed 
common iron Damaseus. Thousands of guns are 
made from this kind of metal, and yearly sent to the 
United States of America; yet all are unblushingly 
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know too well where and how the vast majority of 
London guns are made. Why keep up a distinetion 
that does not exist? Why call a gun London-made 
because the seller rents a shop and calls himself a gun- 
maker? Why notat once say, “ Our manufactory isin 
Birmingham, as we find we can make both better and 
cheaper there.” This is truth, and ought to be told, 
Tt is now the extreme of folly to say, “These are 
Brummagem guns:" that term only applies to the 
“rubbish,” the low priced article, which no honest 
man has hardihood enough to brand with his own 
name, but substitutes that of some deceased member 
of the fraternity. But when sensible London trades- 
men so far forget themselves as to designate the 
produce of a “brother chip” as “only Birmingham 
guns,” without ever haying seen or examined that work, 
I feel sensitive on the point; for though the term is 
strictly correct, yet the meaning is slanderous. 

T have always written and impressed upon sports- 
men the imperative necessity of obtaining the very 
bost gun that hands could produce; I urged this 
sincerely, and for doing so feel myself entitled to the 
gratitude of all gunmakers who delight in good work. 
Yet instead of the merit of my work being appreciated, 
Ihave unfortunately had to contend with the secret 
revilings of those who possess not the heart or ability 
to compete with me. ‘A fair field and no fayour” 
has ever been my motto; and, without egotism, 1 can 
safely offer to make gun or guns against any maker 
in the world. I do not claim this ability exclusively ; 
for I can name several in Birmingham, who, if they 
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for eighteen pounds ;* for the articles, as far as barrels 
and locks are concerned, are identically the same. 

Unfortunately, the generality of guomakers are 
content to live like the snail, who cares not how 
the world goes, so long as his house remains whole 
above his head; rather than try to improve their pro- 
ductions, or to meet the exigencies of the times, they 
are content to allow the trade to be injured by the 
influx of worthless articles, to their own loss and the 
discredit of the business generally. The enormous 
prices which gentlemen have been charged for pro 
vincial-made guns of the most inferior quality, has 
driven them to obtain still worse at a less cost. An 
honourable and tradesmanlike method of conducting 
business will always be appreciated, and if a gun be 
required at a low figure, an honestly-made article 
might be furnished at a price to suit the customer, 
and of equal and mutual benefit to buyer and seller, 
But this will not do: high prices or no orders is the 
rule. It would do very well if nothing were manu- 
factured but high-priced articles, as good in quality 
as they pretend to be; but few provincial makers 
have the means to do this: an establishment suffix 
ciently large can only be supported in certain districts, 
I must be excused for making these remarks, as T 
have both the interest of the maker, combined with 
that of the sporting world, in view, and have no 
other end to serve. I do not include all, only « part 
of the profession in these strictures, for there are 
many honourable exceptions. 

‘The ironmonger receives these inferior guns, and 




















TU 2 


som FARRELE! 








242 


GUN-MAKING. 


Cost of “ African guns” alias “ Park Paling.” 
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of this kind to be arranged according to the know- 
ledge of tho parties interested; for frequently when 
an individual is aware that there is a law under 
which, in case of need, he can shelter himself — 
as many do at this day in case of guns bursting— 
he becomes careless: he has always a ready answor, 
“T can assure you the barrel was proved; and there 
must have been some unfortunate cause for her 
going: you could not have rammed the i 

home, or you must have put in an extra charge,” 
and such like excuses, Tt is never for a moment 
supposed that there was any insufficiency in the 


The great demand for rubbish of a villanous 
description during the existence of the slave trade, 
induced some philanthropic gentlemen in Birming- 
ham to found a company, with suitable premises, for 
the proof of all gun barrels; and an Act of Parliament 
was obtained in the year 1813, incorporating the body. 
The first Act proved insufficient, as the i 
ham makers found easy means of evading it; so they 
had to obtain a fresh Act in 1815, by which parties 
receiving any barrel to rib, stock, &., without its 
having previously been proved, became liable to a 
penalty of twenty pounds, and not less than twenty 
shillings: it also enacted that any person or persons 
making and selling any gun, the barrels of which 
had not been proved at cither this or the London 
proof-house, became liable to the same penalty; and 
it further enacted, that any person or persons forging 
the stamps or marks of either of the two proof- 
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houses, should be liable to the same penalties, and 
in default of payment, to a certain term of impri- 
sonment, &c. It also ordered, that all barrels be 
proved with the quantity of powder in proportion 
to the various bores enumerated in the table. 

‘Tho severe, but just, strictures cast upon the lax 
nature of this Act of Parliament, and the equally 
lax way in which its provisions were carried out 
(individual benefit being held to be the most im- 
portant element in the interpretation), imperatively 
called for an immediate improvement. The heavy 
denunciations which I felt bound to visit on the 
defective working of this “miscalled proof of gun 
barrels” in my former works, at length opened the 
eyes, not only of the sportsman and the trade, but 
also of the Government; and (I believe in 1854) it 
was intimated to the proof companies of London 
and Birmingham that the time had arrived “when 
gun barrels should be proved in reality;” and that 
if the initiative was not taken by the trade, the 
Government were prepared to introduce a public 
Act of Parliament for that purpose. The natural 
consequence followed, and in 1855 an Act was passed 
entitled *The Gun Barrel Proof Act 1855,” by 
which most extensive powers are delegated to the 
two companies, 

The clause of most vital importance enacts that 
all gun barrels shall be proved twice; first in the 
rough, which is called provisional proof; and secondly, 
when the barrels are soldered together, breeched, and 
percussioned, Thus, in a comparatively finished 
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state, when all the necessary reductions and other 
operations have been effected, the barrels become 
properly tested. Not only the metal of the barrels 
and the soundness of the breeches, but the screwing 
in of the nipples is proved—a most important 
check on a very important branch of workman 
ship, and which if imperfectly done renders the 
gun dangerous. 

The first regulation enacts that “barrels are not 
to be made up unless proved, and marked as proved.” 

2nd. Small arms are not to be sold or exported 
unless proved, and marked as proved. 

3rd. Barrels provisionally proved and reduced in 
strength are to be deemed unproved. 

4th. Barrels reduced so that the mark does not 
represent the proof are to be deemed unproved. 

5th. Barrels with marks defaced are to be deemed 
unproved. 

6th. Barrels with marks removed are to be deemed 
unproved. 

7th. Barrels are to bo marked according to scale. 


Here follows a list of offences :— e 


XCIX. Every person committing any of the following offences 
shall for every such offence be guilty of a misdemeanour, and shall 
at the discretion of the court be sentenced to imprisonment, with or 
without hard labour, for not more than three years, to wit 

1. Every person who forges or counterfuits any stamp or any part 

of any stamp already or hereafter provided or used by either 
of the two companies for the marking of any barrel : 

2. Every person who sells or parts with the possession of any 

such forged or counterfeit stamp or part of a stamp, knowing 
‘the same to be forged or counterfeit: 














Rule of Proof, 


powder used for shall be of 
reget That pbich one coed GAPE ier 


provisi 
und, having pli ‘touch-holes drilled in the 
Loe by RAVINE PUES 


ad nob exceeding one-sixteenth of an inch. any 
touch-hole shall be enlarged, bay CAC 
exceeding in diamoter one-tenth of an inch, the barrel shall be 
pa i sec reed 5 “sy ‘twisted metal, 
tou isqualify It of twit 
shall be fine-bored, and struck up, with proving plugs attached, 
touch-holes drilled as in the case of plain metal barrels. 

For definitive proof:—he barrels, whether of plain oF twisted 
metal, shall be in the finished state, ready for setting up, with the 
breeches in the percussioned state, break-offs fitted and locks 
jointed ; the top and bottom ribs shall be rough struck np, 

, and stoppers on. All yifle barrels must bo rifled ; the top 
bottom ribs of double barrels shall be strack up, pipes, 
and, pers on, the proper breeches in, and the thread of 
screws shall be sufficiently sound and full for f. 

Barrels for revolving arms of the fifth clase ehall have the 
cylinders with the revolving action attached and compete 

Barrels for breech-loading arms of the fifth class ‘be subject 
to provisional proof acording to the class 9 whieh they Belo 
and to definitive proof when the breech-loading action is 
and complete. 

Marks of Proof. 

The marks applicable to the definitive proof shall be the proof 

and view marks now used by the two companies respectively. . 
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As soon as a number of gun barrels are loaded 
according to the foregoing scale, they are taken to 
a house or detached building, standing apart from 
other offices. (The woodcut represents the interior 


accurately.) ‘The house is lined throughout with 
thick sheet iron, and the windows, which resemble 
Venetian blinds, are constructed of the same metal, 
Tron frames are laid the whole length of the room; 
on these the barrels of various qualities, when about 
to be fired, are placed. In the front of these frames 
lies a large mass of sand, to receive the balls. 
Behind the frame, on which the twist barrels are 
fixed, lies another bed of sand; in which, on the 
recoil, the barrels are buried. Behind the frame, 
on which the common barrels or muskets are tried, 
a strong iron bar is placed, having a number of holes 
large enough to receive the tang of the breech, but 
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begets another,” and when changes are once started, 
the difficulty is to stop them ; the tendency is to rush 
on from one alteration to another, before we are 
yeally well acquainted with what we have so hastily 
thrown aside. Improvement does not always follow 
a change; the human race, and the English more 
especially, have an inordinate desire for “ the mar- 
yellous ;” and multitudes of “wonderful discoveries” 
and inventions of the utmost value are heralded 
daily by the ever eager press, often to be as hastily 
forgotten, or discovered, even by their promulgators, 
to be myths. 

Improvement, to be at all bencficial, must bring 
with it all the elements of improvement; and to 
render it easy of attainment, none of its essential 
points should be costly. In gunnery more especially, 
it is essential to avoid all unnecessary friction, exeess 
of recoil, and waste of gunpowder; whilst, at the 
same time, transport of the gun must not be cumber- 
some, and durability in all its points is cssential. 

How few study the subject in all its bearings! 
How rapidly conclusions are jumped at! Eyen in 
getting range, if it is to be purchased at the cost of 
other ossential prineiples, it is not economy to sacri- 
fice several even moderately valuable principles for 
the sake of range alone, ‘The experience of the 
present age has shown that all our important 
discoveries have their limits: the locomotive cannot 
be used with advantage beyond a certain limited 
speed; steam vessels attempted to be propelled at 
an unusual velocity have but a very brief endurance, 
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requirements, is a dutiful servant; but, when 
yequired of colossal proportions, it refuses to obeys 
giving us a hint from nature, that we should be 
content with moderation. 

All the principles appertaining to science are 
based on certain established laws; the unsoundness 
of one renders the superstructure unsound also; and 
any deductions drawn from unsound principles are 
comparatively worthless. Gunnery, as a science, must 
be in uniformity with truth in all its parts, or no 
science exists in its arrangements. This will be best 
illustrated by dividing the subject into several heads: 
Ist, the explosive power and its velocity; 2nd, the 
retarding agents, air and friction; 3rd, the construe~ 
tion of the projectile tubes ; and 4th, the form of 
projectile best calculated to attain a perfect result. 

ist. The explosive power. Gunpowder has been 
stated by different authorities to liberate its gases 
with very different degrees of rapidity. Hutton 
has given to it a much greator rapidity than Robins 
has evidently even surmised ; though, no doubt, as 
we have already shown, high velocity in gunpowder 
depends on several circumstances—the degree of 
purification of its ingredients, their intimate me 
chanical mixture (that the elements may exert their 
affinities with the utmost facility), and, lastly, the 
degree of granulation observed? and in addition, 
the suitability of the tubes or vessels for carrying 
on correctly such important experiments. Robins 
and Hutton unquestionably may be regarded as 
the English, if not the European, authorities, and 
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exploding ten thousand tons of powder in the same 
machine and in the same way, would but give the 
same or similar results; it is the variety and the 
singularity ‘of éxperiments that expand and increase 
the fund of knowledge, and enable the mind to con- 
ceive and comprehend the immensity of the power 
and velocity of this wonderful combination. We 
have been principally indebted to the exertions of 
the chemist for means of purifying and extracting 
from the ingredients which form this astonishing 
compound force, the impurities and foreign sub- 
stances which exist, to a certain extent, in all the 
three, and thus tending to form a more perfect com- 
‘bustion by increasing the affinities. 

Hutton shows that gunpowder is but so much 
condensed air; for he says “We may henee, also, 
deduce the amazing degree of condensation of the 
clastic air in the nitre and gunpowder, and the 
astonishing force experienced by its explosion. Tt 
has been found by Mr. Robins, and other philoso- 
phers, that 3-10ths of the mass of the powder 
consists of the pure condensed air, or that the 
weight of the condensed air is equal to 3-10ths of 
the whole composition. But the whole composi- 
tion of the powder consists of eight parts by weight, 
of which six parts are nitre, one part sulphur, one 
chareoal; of which the nitre or 3-4ths of the com- 
position furnishes the whole of the condensed air, 
while the sulphur and charcoal only give the fire 
that produces the explosion. But 3-10ths of the 
whole mass of cight parts is equal to 4-10ths of the 





matter, and supply its place with 2-54 
densed air, we thus get 4-5th, h 
samo bulk of material, and thus simply obtain 


bo far from the truth 5 for. it ampatibe quite lens 
if he is correct (which I believe he is) in sayi 
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we may have in any given weight, the greater the 
foree, and the more rapid the explosion: purifi 
saltpotre thus forming nearly pure gaseous matter ; 
the diamond is pure carbon. It seems singular, and 
is rather presumptuous to say, that Hutton was no 
much of a chemist; but had he been more go, he must 
have perceived that in the extraction of the forei 
matter from the nitro, existed the means of obtaining 
an increased quantity of explosive power, and a pro 
portionate increase of speed or velocity in that explo 
sive material. 


To ascertain the velocity best suited to all projec 


tiles, constitutes the germ of the science 5 and | 





in the confinement to enable the powder to explode.” 
If he had assimilated the grain of his powder to the 
gun, he would have obtained a different result; and 
a knowledge of this fact, I apprehend, makes all 
the difference. The greatest velocity he obtained 
was with powder 14 times the weight of the ball in 
a gun of sixty calibres in length, and the velocity 
he then obtained was only 3,181 feet per second. 
The inferences that probably induced him to recom- 
mend others not to endeavour to obtain a greater 
velocity than 2,000 feet per second, were, like these 
experiments, drawn from imperfect data, With a 
ball of an ounce weight in a barrel of sixty calibres, 
and with 3-4ths the weight of ball in powder, or 
12 drachms, a velocity can be given to the ball to 
equal it in force to 46,875 pounds. The velocity of 
this ball I leave to the calculations of the mathe- 
matical world. But, however, I will give the results 
of a round of experiments tried to ascertain this; and 
if the data laid down be correct, that the velocity of 
a ball must be multiplied by its weight to find the 
force, the result will be the establishment of a system 
of velocity never yet dreamt of. I cannot but imagine 
that there exists some error; though where it is I 
know not: every deduction T have drawn is conse- 
quent upon the results hereafter deseribed. 

“The power required to force a punch 0:50 inch 
diameter through an iron plate 0°08 inch thick is 
6,025 pounds, through copper 8,938 pounds. A 
simple rule for determining the foree required for 
punching may thus be deduced :-— 
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“Taking one inch diameter and one inch in 
thickness as the units of calculation it is shown 
that 150,000 is the constant number for wrought- 
iron plates, and 96,000 for copper plates. 

“Multiply the constant number by the given 
diameter in inches, the product is the pressure in 
pounds which will be required to punch a hole of a 
given diameter through a plate of a given thickness.” 

Now an idea struck me, that this would forma 
very good test of the comparative foree of gunpowder, 
and I consequently commenced an extensive round 
of experiments. 

In the first attempt I found the results to vary 
with the weight of the pendulum of iron plate, and 
that it was necessary to obtain uniformity of size and 
surface; as it must be comprehended that the only 
resisting medium to the pendulous plate was atmo- 
spheric resistance, and a dissimilarity of size of sur- 
face would invariably give different results. Haying 
a nomber of plates of the different thicknesses here- 
after described, I continued increasing the charge 
from a definite quantity, until the projectile was 
driven with sufficient velocity to perforate the plate 
suspended. The gun selected for this purpose was 
of heayy material, weighing nearly seventeen pounds, 
it was three fect long, the metal of the barrel as 
thick at the muzzle.as at the breech, and carried a 
spherical ball of sixteen to the pound, or one ounce, 
and which fitted tight with the thinnest patch pro- 
curable. The bore was perfectly cylindrical, and plain 
inside, being polished longitudinally to a high state of 
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fineness. With a charge of twelve drachms of Curtis 
and Harves’s diamond grain powder, the ball went 
through the half-inch plate, but went only a few 
yards further; denoting that the effort necessary had 
nearly exhausted its velocity and momentum. 

The recoil of the gun was of the most severe 
description, and the shoulder had to be protected 
for many explosions previous to this high charge. 
The larger sized grain was insuflicient, ten drachms 
effecting the greatest extent of power it seetned 
capable of, and it became quite apparent that the 
tube would not explode more powder, as indieations 
convinced me: when any more was added, a portion 
came out unburnt. 

‘The fice niposeeaty 40 'eitsoh USES ie 
calculation, is 46,798 pounds. 

The next plate was 7-16ths thick, and a charge of 
ten drachms punched the piece out clean; nine and 
a half drachms were equal to it, when the centre 
of the pendulum could be hit fairly, because there 
was then an equal resistance from the atmosphere, 
which’ cannot exist in cases whore the edge of the 
dise receives the blow. 

I got with ease a perforation in a 6-16ths plate, 
with a charge of either fine or coarse powder, not 
exceeding cight drachms ; a charge of seven drachms 
of fine grain was unequal to the task ; but seven 
drachms of the coarse showed ovidently greater 
effects produced, though the perforation was not 
perfect. Six and a half drachms of No. 2 grain 
penetrated a plate of 5-16ths thick easily, while it 
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sened the ultimate force necessary to punch through: 
metal, and thus it may be that extremely 
sure may produce the same. ‘Therefore I suspect it is 
not the most correct theory that calculates force to be 
accomplished at all times by extreme velocity; there 
will be found discrepancies in the rule, and one of 
them arises from no calculation ever haying been 
made with extreme velocities: medium yelocities may 
generally give such conclusions, but the very extreme 
in this case can never have been taken into considera- 
tion at all; as I have very little doubt—in fact, I 
am certain—that no person ever obtained such high 
velocity before. Tt must, and is a vast deal greater, 
incomprchensibly greater, than any yelocity obtained 
by Hutton; and much more extensive than ever could 
be obtained, or, in fact, ever will, by any ordnance 
whatever. I wish much I could have experimented 
with a gun of greater length and bore, for with one 
in every way fitted for the purpose, I haye no doubt 
of being able to perforate an inch thickness of plate. 
Shonld any person possessing the opportunity and 
moans, wish to try the experiment, I would advise them 
to get a barrel of 4} feet long, 8 bore, to carry a 202. 
ball, and of a weight to allow of extending the explosion 
up to 30 drs, of powder; they would then obtain the 
extent of force I haye suggested. There is a certain 
point to be strictly observed ; sce that the plate you 
use is perfectly sound ; for if laminated, or composed 
of yarious plates not firmly welded and attached, the 
experiment would be imperfect, as there would be an 
uneyen vibration created, and acting as the hammer 
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affinity may be supplied. ‘Thus becomes evident the 
necessity of a most extensive incorporation, a blending 
and equal division of mixture throughout the whole 
material. 

The advantage of unglazed gunpowder is here 
fully shown ; for it presents an inequality, a rough- 
ness of surface, over which the flame from the per- 
cussion mixture cannot travel without igniting somo 
of the prominent parts, and thus the whole, You 
may glaze powder and make it so smooth that it 
would be yery difficult indeed to ignite; but except 
that it enables the powder to resist: moisture better, 
it is otherwise very detrimental, as tending both to 
prevent ignition and lengthening the period of effect 
ing it. 

The flame from the percussion powder is of that 
intense and vivid description, that if a charge of 
powder in the breech of a gun is loose, the flame 
will form a mass of condensed air round itself, and 
driving the grains of powder before it, prevent the 
immediate contact of the heat and the particles of 
powder, until the heat is expended ; and thus arises 
a “miss fire.” If the powder is up only to the 
nipple, there being a quantity of air in the tube 
of that nipple, the explosion of the fluid will drive 
down this air, and condense it between the powder 
and top of the nipple to such an extent as to cause: 
a certain “ miss fire.” It becomes requisite to find 
a remody for this, and it can only be done by bring- 
ing the powder into the very vicinity of the explosion 
on the nipple. This can be effected in several ways, 








284 THE SCIENCE OF GUNNERY. 


also gained by their adoption. I have used them for 
many years with great success; nothing but cost 
deters their general adoption. The passing of the 
flame through the very small opening in the platina, 
by this very high impingemont, increases its heat to a 
great extent, ensuring explosion. 

The true science of gunnery consists in knowing 
that a certain force is requisite to effect a certain 
purpose, or, in other words, to kill at a certain dis- 
tance; and also how to arrange that force so as to 
effect the purpose without haying any extra force, or 
any waste of powder, nor yet too little, but with a cor- 
responding result: a sufficiency; neither more nor less, 
This we have shown is attainable by the mechanical 
arrangement of granulation; for it is useless to use 
less, or to use an iota more of fine grain powder, if 
the size larger will effect the purpose without that 
iota. Propellant velocity is the grand desideratum in 
all gunnery; the obtainment of this, to the greatest 
extent, is the power of killing at the greatest dis- 
tance: all ranges are dependent on velocity; no 
extreme range can be obtained without a correspond- 
ing speed. 

The very finest powder, it will be perceived, is 
fitted—perfeetly fitted, preferable, indeed—to coarser 
grain for guns of a short length of tube, where a 
perfect combustion of the whole charge can be 
obtained without any waste or want; but as such is 
quite unsuited for longer barrels: I cannot too 
often repeat it. The column of air is the ruling 
power. Look what its effects are by Hutton’s cal- 
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only a certain quantity of powder could be con= 
sumed: the proportion stated was considerably below 
the actual quantity, as the experiments of punching 
the plates chow; for since twelve drachms ean be 
burnt in a three-foet barrel, therefore ten drachms 
may be consumed in one two feet eight inches, 
with a given weight to lift. In addition to this, 
must be placed the fact of improvement, both in the 
composition and grantlation of the powder; which we 
have no hesitation in stating has been considerable, 
within only a very few years, all tending to the quick= 
ness of generating foree. Tho granulatory system, 
if acted upon, will give the sportsman or soldier a 
completely new. power in gunnery § for it must be 
evident, if we have the means of projecting certain 
bodies with an extreme yelocity, say 5,000 feet per 
second, it becomes a simple calculation to ascertain the 
quantity of force and length of tube to give to a cer- 
tain weight. Tako, for instance, an ounce ball in a 
barrel two feet six inches long. Extremely fine grain 
powder, from its rapidity of expansion, gives to the 
ball this velocity at fifteen inches from the breech ; 
the remaining fifteen inches contain a column of air 
highly condensed, which will inevitably reduce this 
velocity back nearly fifty per cent., or 2,500, and 
with that velocity the ball Icaves the muzzle. There- 
fore, as we have already said, it must be evident you 
have here generated a high speed to be as quickly 
reduced; and it shows clearly that if a different grain 
of powder would expand from breech to muzzle, 
increasing the yelocity on a granulated scale until it 
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shooting powers of a barrel; but then it must not 
be the expansion of an unelastic piece of metal, but 
of metal whose elasticity rebounds with a force equal 
to that with which it expands; for whatever else you 
may obtain by creating friction, by boring the breech 
end of the barrel wider you obtain a greater expan- 
sion, as it no doubt has that tendency. We find it 
an invariable fact, that when barrels are yery heavy, 
compared with their size of bore (if a cylinder), they 
shoot weak. Also, when barrels are made of irons 
of different temperatures, where one is placed to 
prevent the expansion or springing nature of the 
other, they are never found to shoot well, As a 
proof of this fact, let any one take the best barrel 
he ever shot with, and encase it with lead very 
tight; fire it at a dozen. sheets of paper, and see 
if the effect be equal to what it was when the barrel 
was unencumbered. On the contrary, it will be 
found to haye shot very weak, though close, Tet 
him then examine the lead; and, if any moderate 
substance, he will find that the explosion has enlanged 
it considerably. This experiment I have tried re- 
peatedly, and can vouch for its trath. 

The proof of barrels is another fact corroborating 
the truth of our assertion. What else can occasion 
the bulging, but the expansion? Where the barrels 
are possessed of soft and hard portions (which is the 
result of different tempers of different metals), one 
expands further than the other, and then, of course, 
the soft part receives no assistance from the hard, 
and it does not return to its original state. 




















the large gun is equal even to that on a 
The comparison might be carried up to the 
artillery, and I doubt whether it would 
to this sealo; as it is well known that the heaviest | 
guns will not throw their projectile as far in propor 
tion as the small gun, because you dare not generate 
the force required to do it. The same principle is 
applicable to artillery as to fowling-pieces. 
From the above data, I’ would say, never make 
duck-guns above seven-eighths in the bore, if you wish 
them to kill at a great distance; and not less than 
fifteen or sixteen pounds weight, and full four feet 
long; because then you can generate strength suf 
ficient. Therefore, instead of the large stanchion- 
guns being one hundred pounds weight, they should, 
ny speaking, be two hundred, and so on. In 
proof of this I may just mention that, upon repeated 
experiments, I have ascertained that a double stan- 
chion-gun, with each barrel of the same bore, weight, 
and length, a3 a single gun, will kill further than the 
latter; simply owing to the advantage of the greater 
weight of the double gun. I have made observations, 
when trying moderate-sized and shoulder duck-guns 
on that fine level piece of sand before spoken of, and 
by tracing the grazing of the shots I have been 
enabled to pick them up. The large shot from the 
duck-gun, mostly No, 2, I found scarcely 400 yards 
from the spot where she was fired ; the small shot, 
five and six, from a fourteen bore, were repeatedly 
picked up at 350 yards: thus showing that the large 
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gun had not much advantage; but yet making pro 
bable many assertions made of killing at seventy, 
eighty, and sometimes a hundred yards, with a com- 
mon-sized gun. By this it appears possible ; for shot 
that will fly that distance must kill, if it hit during 
its flight through the first quarter of such a range; 
but then, at a single bird, above fifty-five or sixty 
yards, it is always twenty to one against hitting the 
object at all; as the pellets bogin to eeparate rapidly 
at that distance, though their force is still sufficient, 
and in large flocks is apt to do execution. 

‘The invention of the patent wire cartridge is rather 
the production of « scientific mind than the produe- 
tion of chance; though the invention of General 
Shrapnell contains the principle, and the perfection 
attained is but the extension of that principle: 
namely, the means of projecting a number of bodies 
of a similarity in size without subjecting them to an 
extreme jamming by the lateral expansion, and thus 
allowing each to travel his allotted distance without 
any of his companions robbing him of his speed by 
impact. The great peculiarity of the wire cartridge 
is, that being less than the bore, and haying no 
bottom wadding, the explosive fluid acts all around, 
between the sides of the barrel and the net, by what 
may not inaptly be termed the windage, and the shot 
are thus expelled by a cushion-like force, which does 
not jam or compress them in the way it is liable to by 
wadding forcing it outwards. Here the net is of 
use to keep the whole in a mass; but you must not 
suppose the same would be obtained by a charge of 
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shot, without a wadding below. The net opens, after — | 


leaying tho muzzle of the gun. The introduction 
of bone-dust is intended for, and answers the purpose — 
of proventing the graine of shot being mis-shaped by 
the compression: during their passage up the’ 
they form with the bone-dust a comparatiy 
body, and keep the pellets from impact, thus allowing 
them to go forth into the atmosphere beautifully round 
and uninjured; and, as such, more likely to travel 
farther and stronger. The latter arrangement possesses 
all the science, as the net can be dispensed with ; for 
it aids the combination but slightly, and in no ense 
moro than a moderate quantity of good paper would do. 
The science of this mechanical construction of pro- 
jectiles is perfectly in keoping with all the established 
laws of motion, and more particularly good in thus 
avoiding the necessity of lateral pressure on the sides 
of the tube of the gun, the upper end haying the 
moans of better resisting the column of air in their 


| 


progress outwards; for there can be no question but | 


this controls and induces the divergence of the shot 
in leaving the muzzle. One of the old 

often laughed at, I mean the bell muzzle in old guns, 
intimates that our ancestors possessed some smatter+ 
ing of science; as the relief in the muzzle of a gun 
has a tendency, by allowing a gradual expansion 
laterally, to keep the charge of shot better together: 
for it is quite apparent that any body severely com- 
pressed for a certain distance, expands in proportion 
when freo of that restraint ; and the consequence is a 
tendency to fly off at a tungent, as tho friction of a 
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crooked barrel induces a ball to fly in a curve con- 
trary to the bend of the barrel. 

‘The extreme relief we find in some old barrels is cer- 
tainly not required; but still it clearly shows that the 
principle was understood and acted upon: the very 
extreme has been produced by ignorance, as certainly 
as the suggestion was a proof of knowledge on the part 
of the suggestor; for many think, if a small dose is 
good. for a patient, a largo one must be equally so. 
Like ourselyes of the present day, having discovered 
that fine gunpowder was advantageous, we have car- 
ried the principle so far as undoubtedly to overstep 
the line to which it was beneficial we should advance ; 
thus clearly establishing the truth of the old adage, 
* One extreme begets another.” 

‘Therefore, in advocating the adoption of gun-barrels 
of the yory essence of iron, I also say, lot that part of the 
tube whose duty is the generating of force be nearly 
cylindrical, and let there be a gradual expansion of 
the bore for a few inches in approaching the muzzle, 
that tho restraint of the lateral pressure may not be 
too rapidly loosened. But yet let that expansion be 
80 graduated that there shall not be an extromo either 
way—only a scarcely perceptible relief; yet such as 
will influence and prevent the divergence of the pro- 
jectiles to a considerable extent, 

Blaine says—* A vory long barrel is liable to have — 
the force of its discharge lessened by the increase of 
counter pressure in the greater volume of internal 
air in a long than in a short barrel.” The column 
of ait in tho barrel is unquestionably calculated to 
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lesson the force of the discharge. But I have already 
shown that this is completely controlled by the system: 
of granulation. Further, he says—‘Its force must 
also suffer by the loss which the elasticity of the pro- 
pelling gas experiences in its lengthened transit 
through an extended range of barrel." He is here 
supposing an instantaneous generation of force, which 
cannot possibly happen; and if it did, would be 
comparatively useless. But he is evidently on the 
right scent, if he could only follow it up. Again,— 
“Tn such cases, it is probable, that the shot, which 
should leave the mouth of the piece at the instant 
when the propelling force has gained its maximum, 
in a long barrel are detained beyond that particular 
limit of capacity we have pointed out as inherent in 
each barrel ; and which properties, and which quan- 
tities of charge, nothing but repeated and yaried trials 
can teach the owner of the gun.” 

‘This is an excellent illustration of the “ theory” of 
the resistance of the column of air in long barrels 
with very fine quickly-burnt powder; and could he 
have pointed out the cause, the explanation would 
have been perfect; as it must be quite apparent to 
the reader that it is not the length of barrel which ix 
in fault, but a want of a continuous producing force in 
the powder ; for when all the charge is exploded, the 
maximum has been obtained. This clearly proves 
that the charge was too small to keep up that 
maximum, or that the grain of the powder was too 
fine, and thus too quickly expended. ‘There is no 
discrepancy between the fact of long barrels being 
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preferable half a century ago, and short ones now ; 
for it is in the improvement of gunpowder burning 
in half the time now that it did then, and leaves 
the question of length of barrel precisely whore it 
has ever been. You may have any length you like 
in moderation, if you suit the grain of powder to it. , 

I am quite satisfied to steer between. extremes 5 
avoiding alike too small a charge of projectiles and 
too wide a calibro with too heavy a charge of the 
former, and preferring a size of bore that gives, 
under all circumstances, the greatest range with the 
least amount of explosive material ; which neither 
requires that to be too fine a grain, nor too coarse: 
namely, a bore of fifteen and two feet six inches 
long, Under all the above cireumstances combined, 
this size will long hold a position in the front rank 
of sporting guns. 

The Belgians have long been, and still are, our 
principal competitors in supplying those parts of the 
world which do not rank gun manufacturing among 
their staple trade. The cost of labour being small, 
they have great facilities for producing cheap may 
terial ; and the extent to which they tempt the eye 
of those inexperienced in gunnery is quite obyious to 
the world ; but excepting the cheapness of the lower 
grade of guns, the Belgian products are not at all 
to be placed on an equality with the well ‘made 
English manufacture. 

In consequence of the relaxation of our custom 
laws, foreign gunnery is now admitted at ten per 
cent. duty; and as soon as this change was made, 
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killing guns; and not a doubt can exist that English 
guns are better constructed for that purpose, than 
those of any other country. Attention to the shoot- 
ing has always been the first study of every English 
gunmaker, and great progress has been made during 
the last twenty years; indeed, a comparison between 
the largest “target” of to-day, and the best that 
Colonel Hawker ever made with his crack Joe 
Manton, will show a progressive improvement of 
nearly 100 per cent., not only in closeness of shoot- 
ing, but also in penctration. All this may not be 
due entirely to the gun, but in part to the gun- 
powder ; and to the sensible course we now pursue 
of using less weight of shot, avoiding artificial frie 
tion in the barrels, instead of increasing it to retard 
the shot with the view of increasing its power: also 
by having the expellant agent acceleratiye to the 
greatest extent, closeness and strength of shooting 
are obtained, with the least amount of recoil possible, 

Our French competitors have paid much more 
attention to the artistic decoration of their guns 
than to their usefulness; and tho universal result of 
this sort of proceeding, ever since the invention of 
gunnery, has been a total neglect of their power 
of extreme projection. The metal, like other por- 
tions of their work is, in all cases, manipulated with 
a view to beauty only; as the fact of their yeneering, 
or plating, their barrels proves. 

Tf at all masters of the science, they must be aware 
that this weakens the shooting of the barrels, and 
is an injurious practice, But the greater fact re= 
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kind of arms, and will perhaps fall but little short of 
the wonderful effects which histories relate te have 
been formerly produced by the first inventors of fire- 
arms.” 

That the result here predicted has now been ob- 
tained no one can doubt. Greater extension of range 
is yet attainable; but accuracy of range amounts 
already to almost mathematical precision. All that 
is now required is, that the same principle should be 
applied to the heaviest projectiles ; and when these 
are projected under precisely the same laws, expe- 
rience will further establish this principle, that “the 
heavier the body in equal volocities the less the 
deflection from atmosphoric resistance.” Whon this 
is demonstrated the present order of things will be 
reversed ; heavy ordnance will exceed the shoulder 
rifle in extension and accuracy of range, whilst the 
_ Shoulder rifle will again fall back to its former state 
of comparative inferiority, 

Barrels were first grooved or rifled at Vienna, about 
the year 1498, The original object of grooving or 
rifling the barrels was to find space for the reception 
of the foul residue produced by discharging the rifle, 
and thus to diminish the friction of the bullet as it 
was forced down by the ramrod. During the next 
twenty years a spiral turn was given to the groove, and 
bullets were used with projections to fit the grooves, 
the degree of twist or spiral varying as the skill of 
the gun-maker thought best. 

"The difficulty of loading rifles has at all times been 
‘a drawback to their universal adoption as warlike 
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a hemispherical cavity accurately corresponding in 
shape to its counterpart at the opposite end. “ This,” 
he states, “he had heard was beneficial from the fact of 
the rush of atmospheric air into the vacuum created, 
thus inducing a forward motion by the kick @ poste- 
riori.” This apparently was but a surmise, an idea 
never carried out, for in the same work a degree of 
spiral grooving is advocated with which the action of 
this bullet, had it ever been intended to be expansive 
in principle, would be quite incompatible. 

Next comes the celebrated Joseph Manton with his 
invention, intended to give a spiral motion to the 
ball by the cup of wood already described under the 
head of rifled cannon. This very idea bas since been 
revived by General Jacob; and in 1822 Captain 
Norton introduced to the notice of the Goyernment 
his “ Rifled Shell” for the explosion of an enemy's 
tumbrils. This was of necessity an elongated hollow 
bullet, containing a small charge of gunpowder, which 
was ignited by the explosion of a cap on a nipple, 
screwed into the fore-end of the leaden shell. 

Here, no doubt, was a partially expansive bullet; 
for the bullet would be driven in upon itself, and thus 
expand from the weakness of the hollow shell ; this 
near approach, however, to the invention was not 
intentional: the sole object in view was the action 
of the shell, and no more importance was attached 
to its expansion, in Captain Norton's estimation, than 
to the bullet described by Captain Beaufoy in his 
Scloppetaria. It is only within the last few years 
that some friend, with more acumen than the gallant 
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diameter of the bullet was +701, or of the better under- 
stood gauge of 11 and 14 bore, thus leaving more 
than three sizes for windage. ‘To obviate this great 
discrepancy by expanding a bullet from 14 to L1 bore, 
so as to destroy the windage, was the first considera. 
tion; and, indeed, the first great step towards that 
change of which we haye as yot only seen the’ begin- 
ning. I here give a representation of my first attempt, 
and the observations made upon it in 1841:— —~ 
Five years ago I perfected and laid before the 
Board of Ordnance a new plan or system of con- 
structing expansive balls, which is accomplished by 
having two dissimilar portions. An oval ball with a 
flat end and a perforation extending nearly through, 
is cast; a taper plug with a head like a round topped 


button is also cast, of a composition of lead, tin, and 
zinc, as below. 


@ © 
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The end of the plug being slightly inserted into 
the perforation, the ball is put into the rifle or 
musket with either end foremost. When the ex- 
plosion takes place, the plug is driven home into the 
lead, expanding the outer surface, and thus either 
filling the grooves of the rifle, or destroying the 
windage of the musket, as the case may be. The 
result of this experiment was beyond calculation; and 
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been strenuously rejected, even by those to whom his 
recommendations have, in other respects, been laws— 
viz., his plan of using ‘oblong bullets,’ Some years 
ago I laid before the Board of Ordnance a very 
aimple plan of getting rid of all windage, yet of 
loading easily, and adding to the weight of the pro- 
jectile (a favourite theory with the artillerists), This 
was effected by employing an oblong ball of lead ‘a 
diameter and a half in length, having a perforation: 
extending through two-thirds of it, An iron plug 
of a conical shape is slightly inserted into this per- 
foration, and the gun loaded with it. When the 
explosion takes place, this plug is driven home into 
the lead, and, by expanding its onter surface, the 
projectile comes out of the gun fitting as tight as 
possible, and a line of flight is given to it of eorre- 
sponding accuracy. The advantages of this arrange- 
ment are numerous, but, in naval warfare, of the 
most important nature, giving heavier metal with 
smaller rates, and from the composition and shape 
of the projectile combined, producing a corresponding 
destruction. 

‘ But the authorities laid tho plan upon the shelf, 
where it will rest until produced by some more im- 
portant personage than myself. The poor inventor 
obtains but poor encouragement, while his more 
wealthy competitor is enabled to have every oppor- 
tunity of trying schemes which, in most eases, are 
not worth the consideration of any, save the friends 
of the party.” 

Tn 1842, powerful influence being brought to bear, 


ail 








THE RIFLE. 353 


of the original select committee) and awarded me the 
sum of 1,000/. in the army estimates of 1857. 

It is a fact, which all will acknowledge, that the 
principles involved in an invention should be best 
known to the inventor himself; and if he is unable 
to explain the very principles of such invention, then 
it is quite fair to presume that he was not the original 
inventor. 

Now there is no evidence that either Delvigne or 
Minié had any profound knowledge of the science 
of gunnery, and their knowledge of the principles 
of the expansive rifle was so meagre as to justify the 
assumption, that their only connection with its pro- 
duction was that of copying from the Times news- 
paper, or from my works published in 1842 and 
1846. My observations certainly appeared before 
any of theirs; and I believe that no straining of 
facts can in any way connect them with the inven- 
tion, which was as perfect in 1841 as when they 
reproduced it in 1848 and 1849. 

With these remarks, I pass on to what is of more 
importance, viz., the principle of the expansive rifle. 

It had long been known that to give a spiral 
motion to a bullet in a direction coincident to its 
line of flight, was the standard of perfection in rifle 
projectiles; but this, until the invention of the 
expansive bullet, could never be attained with safety. 

Spheres receiving this motion are not likely to 
retain it, because the periphery of the spherical 
bullet is, in all cases, subjected to much more friction 
than the rest of the sphere; a change would there- 
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‘This enabled mo to insure two important princi- 
ples, on which depended the success of the whole 
invention. 1st. The centre of gravity was in the 
head of the projectile. 2nd. “* The force was con- 
municated directly to the centre of gravity during 
the explosion.” This is a most important principle, 
which all writers presuming to give their version to 
the theory of the expansive system, have entirely 
overlooked. 

If the arrow could receive the propelling force in 
the head, its motion would be even, and free from 
“hobbling,” as Roger Ascham wishes it to bos but 
if, on the contrary, it is received at the opposite 
extremity, then there is a struggle between the head 
and the tail, as to which shall be first, and a 
“ wobbling" motion is induced, enduring until an 
equilibrium of velocity is established. 

Tt is essential to all future progress in the science of 
projectiles, that this point should be remembered, and 
its importance duly estimated ; und it is possible to 
apply this principle to projectiles of any weight. 
Tf this point be attended to, where is the difficulty 
in extending tho length of our projectiles to that 
of arrows? inpatient ign Morrie 
There is, in fact, no law to bl 
expansive bullets: the only limit to their length 
emailer A tk but alloys 
of lead and other metals may yet be beneficially used 
for projectiles, and that to an extent of which at 
present we can form no 

PDs tga of ialonl Gb tie: Hamat Gye persed 

Aad 





356 THE RIFLE. 


to the range of the rifle will Pn ee ' 


limit to its use; and this range will not be difficult 
to attain: reduction in the size of bore enables us to 
elongate the bullet without diminishing its weight or 
the accuracy of its range; but without the existence of 
a cavity to insure the foree being applied to the head 
of the bullet, this cannot possibly be done ; whilst all 
other shapes are limited in their application, and an 
extension of range cannot be obtained with them. 

Next to these two important points in the inven- 
tion comes the question of expansion, whereby the 
grooves of the rifle are filled up with lead, and 
windage is as far as possible obviated. The ex- 
pander I first employed consisted of a tapering piece 
of iron, similar in shape to the frusirum of a cone, 
and this, when inserted into the cavity of the bullet, 
was flush with the bottom of the cylinder. The force 
generated by the ignition of the charge was exerted 
equally on the plug and on the leaden cylinder; the 
plug, however, moving more rapidly than the lead, is 
driven quicker into the bullet, the bullet expands, and 
thus the filling up of the grooves is aceomplished. 
There can be no doubt that at the same time an 
upward foree is exerted by the plug on the leaden 
bullet ; and that, too, of a more elastic character than 
would be exerted by the gases themselves, if they 
were allowed to act directly with all their foree upon 
the lead; for it is a fact beyond all dispute, that any 
force tending to set matter in motion gradually is 
more effective than that which is instantancous in its 
action. 


| 
| 
] 
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Many writers condemn iz ¢ofo the Minié principle 
and its cup. Minié did not understand it; and the 
introduction of the cup by him was, I believe, an 
accident, or the best he could do by copying my mode 
of using it: it was not the production of his own brain. 

It has been urged as an argument against the uso 
of this cup, that sometimes expansion does not occur. 
This, however, may easily be accounted for by the fact 
that the cup is not tightly fitted into the cavity of the 
bullet ; a space is left through which the elastic fluid 
penetrates the cavity, the cup then has as much pres- 
sure exerted upon it behind as in front, and hence 
it remains undisturbed. 

Then the cup is sometimes driven in so violently 
that it becomes flattened against the flat surface of 
the upper portion of the cavity, cutting the lead so 
entirely as to leave the cylindrical portion of the 
bullet in the breech of the gun; this is well known 
‘w have been a frequent occurrence on the first intro- 
duction of this bullet. These defects are instanced, 
as evidence to show that Minié and others have no 
claim whatever to the production of the original 
idea—they cannot even now grasp it, but condemn it, 
because it is beyond the limits of their comprehension. 
‘True it is that, after blundering for several years, our 
Government have come back to my original idea, as 
the following quotation will show :-— 

“ Colonel Hay,” says Sir Howard Douglas, “has 
introduced an important improvement in the shape of 
the cup, and in the figure of the cavity into which it 
is forced on the firing of the charge. It will be per- 
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on aceount of its greater diameter: hence the increased 
range of the elongated bullet. Let us suppose an 
extromo case, Take a bullet produced from a deserip- 
tion of hardened lead five diameters in length, and 
presenting to the atmosphere one-fifth the surface of 
a spherical bullet of equal weight; the reasonable 
assumption would be that this bullet would range a 
greater distance if projected at the same velocity, and 
if the same charge of gunpowder be used as with a 
spherical bullet. 

‘The first series of experiments clearly ostablished 
the fact that increased range could be obtained, and 
also with @ vast reduction in the charge of gun- 
powder: with a saving, in fact, of nearly 50 per cent. 
‘Two drachms and a half were found equal to a range 
of fourteen hundred yards, whilst four drachms and 
a half on the old system would rarely reach half that 
distance. These important pointe were gradually 
developed, though not without many disappointments 
and much mental anxiety: the last discovery, to 
have rendered the task easy, should have been the 
first. 

Extreme spiral curve in the rifle barrel is incom- 
patible with the correct action of the expansive 
bullet. The old-established turns of one in four feet, 
one in three feet, and one in two feet nine inches, 
gave results in the order I lave placed them; and it 
was not until the adoption of a spiral approximating 
to one turn in five and @ half up to six feet, that 
I found the success of my experiments uniforin : 
and this fact illastrates one great obstacle which my 
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invention had to contend with before it was generally 
adopted. 

The ordinary sporting rifles have invariably too 
much spiral; the amount of friction generated by an 
expansive bullet in a rifle of this construction is 
enormous, absorbing in many cases one half the 
power of the expellant. The result of this is most 
unsatisfactory: the bullet suddenly loosed from this 
immense friction, and freed from the column of air 
in the tube, rushes so wildly forward as entirely to 
destroy equilibrium in its flight; and hence the very 
loud complaints of disappointed experimenters. 

The expansive principle now adopted combines 
such qualities that, however long and loudly it may 
be condemned, it will again assert its superiority, 
and hold undisputed the first place for generations to 
come. It is based on that law of nature which will 
always tell in mechanical productions; namely, mini- 
mum of friction, and hence maximum of propulsion 
or velocity ; the greatest possible range with the least 
amount of expellant agency. The eame law holds, 
even though the bullet should be elongated and made 
into an arrow. That which has been introduced to 
the world as an improvement on my invention, and 
modestly termed the “ Pritchett bullet,” I rejected in 
1841 as being inferior to the expansive bullet: any 
one who is curious, and wishes to be convinced of 
this fact, will find the following quotation in the 
Naval and Military Gazette for February, 1842 ;— 
“A great improvement may be effected by using 
plugs of a cylindrical shape, having the upper end 





round, and the part next the powder flat or con- 
cave ; for rifles, to be of use, must be constructed for 
high velocity, and this can be done by a proportionate 
spiral and the use of a plug similar to that given 
above. In this case we may load with the greatest 
facility, and the bullet expanding, forces itself into 
the grooves of the rifle, and thus receives the mo- 
peat teenie motion required.” A perusal of 

“ Captain Jervis on the Musket Rifle” would lead 
one to infer that this was a great invention on the 
part of Mr. Pritchett, and that it would supersede 
to a certainty the more perfect expansive bullet; but 
Mr. Pritchett’s so-called invention has sunk into 
oblivion, from whence it will never emerge. 

From practice I found that the most material defect in 
this bullot was its uncertainty of action : it was driven 
in upon itself, and thus its diameter was increased. A 
slight difference in the hardness of the lead, a bullet 
moulded when the metal was hot, and the reverse, 
would be such insuperable difficulties as to render 
their adoption quite impracticable; moreover, when 
rapid firing became necessary, the enormous friction 
created by tho heat and hardness of the previous 
deposit from exploded powder, rendered the use of 
ny bullets highly dangerous ; as was proved in 

the Crimean war. I trust they are now for ever 
abandoned, for their adoption did not show great 
intelligence on the part of their advocates. 

The expansive principle not being adopted in the 
armies of France and other Continental nations, may 
be justly attributed to tho experimenters of the French 





achool having been led astray; claiming, as they did, 
the entire merit of the invention, It is but fair that 
whilst endeavouring to establish my own claim to the 
invention, I should point out the discrepancies existing 
in the theory of my opponents. 

That considerable imperfections exist in the expan= 
sive rifle used in Franee, is evident from the results of 
theit experiments, and the time which has beenwasted 
in discussing the principles necessary for 
the flight of the bullet by “annular rings” being 
applied to its cylindrical part. 

Captain Tamissier’s theory is “that an elongated 
Juillet in passing through the air, describing the curve 
of the trajectory, maintained its axis parallel in ite 
successive positions to the position it had at 
and that the angle formed by this axis with the 
element of the trajectory— that is, the direction of 
the motion—changed every instant. The action of 
atmospheri¢ resistance would also be altered hy the 
surface presented by the projectile; as the point 
of wpplication of this force would not always pass 
through the centre of gravity, but would establish 
a rotatory motion different from that with which the 
bullet was originally animated: in different words, 
the bullet, by preserving its original position, would 
after.a time be pursiing its path with its broad- 
side foremost; that is, with the point of its axis 
above the line of the trajectory and the near end 
below. 

“ To remedy this, and increase the precision of fire. 
with these bullets, Captain Tamissier thought it was 
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With this I contrast my bullet of 1841, at page 354, 
and a very slight inspection will be sufficient to satisfy 
any one of its superiority: every practical rifle-shooter 
knows that the smoother all the surfaces of the bullet, 
the more extensive and accurate is the range. That 
the French experiments should have given unsatis- 
factory results I am not at all surprised: the flat 
surface on the point of the bullet must offer a 
large space for the resistance of the atmosphere, 
during 1,000 yards of flight. Then to this must be 
added the effect produced by the rings around the 
bullet; and when the resistance of the atmosphere 
and that produced by the friction of the bullet are 
added together, we need not be surprised that the 
results of the experiments turned out very unsatis~ 
factory. Surely, if the French school invented the 
bullet. which produced this wonderful revolution in 
gunnery, they would have rendered it perfect, instead 
of producing it in a more rude state in 1848 than 
J had produced it in 1840. ¢ 

Another point affording strong evidence that the 
whole was copied from my work of 1842, is this. In 
my original plan the bottom of the cavity of the bullet 
was flat, exactly as it now appears in Captain Minié’s 
annular ringed bullet. In 1843 this was 
into a hemispherical bottom; and this exists in all 
English expansive bullets, as the adjoining woodcut 
will show, 

In 1852 I produced a new form of cup, intended to 
obviate the use of the heavier substance, or conical 
piece of iron. In addition to a cup of a parabolic 
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spindle shape, it had a rim like that on a man’s hat, 
as the woodcut will show. 


Oa 


‘A great advantage is gained by this contrivance in 
effectually expanding the bullet, and thus closing up 
stray appendages, which are found to exert consider- 
able influence on the ultimate direction of the bullet. 
A slight tail of cartridge-paper, a string, or an 
appendage of any description, exerts such an impor- 
tant influence on the bullet's flight, as to cause it in 
some instances to describe a curve, the termination of 
which is very eccentric, and commences from the very 
base of its starting. It is evident, then, that great 
aecuracy is necessary in order to produce a perfect 
expansive bullet. English bullets are pressed into 
shape by machinery, whilst in France they are formed 
in the ordinary mould; this, however, is at all times 
an uncertain mode of making them: a slight cavity in 
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him subsequently to adopt an iron or zine-pointed 
bullet, as is depicted in the wood engraving. 


Aa 


METAL pote. 


‘Thus departing from the true acience of the ques- 
tion, instead of giving the centre of gravity to the 
head of the bullet, he tries to overcome the difficulties 
by which his system is beset, by increasing the spiral 
motion. As other writers take o similar view of 
the question, I insert the following quotation from a 
small work by Lieutenant Simons, Bengal Artillery, 
entitled “A Treatise on Fire-arms,” where we haye 
the following appropriate remarks, strongly bearing 
on the peculiarities of this system :— 

“ Every point upon the surface of a projectile in 
motion, whether it be a rocket, javelin, ship, bullet, 
arrow, or any other description of projectile, is the 
end of a lever, the fulcrum of which is situated in 
the projectile’s centre of gravity. The effect of the 
air to upset, i. ¢., to force the light or pointed end of 
such projectile to the rear, or to unsteady, or cause 
to wayer, the same, depends upon the lengths of the 
leyers at the ends of which it acts, and upon tho 





angles at which it presses against such levers, as 
determined by the positions of the points and by the 
shape of the projectile ; it likewise depends upon the 
specific intensity of the pressure, which is doubtless 
greatest in the neighbourhood of those parts of the 
projectile which least easily allow the air to escape 
past them. 

“ An illustration in part of the truth of the fore- 
going proposition will present itself to the conceptions 
of those who haye taken notice of the manner of the 
flight of rockets, or who have witnessed shells pro- 
jected from mortars at night time. ‘The light of the 
burning fuse, particularly during the first part of the 
flight of the shell, is seldom obscured from the sight 
of the beholders in the battery from which it is fired. 
The end of the fuse protruding beyond the general 
surface of the shell is the end of a lever whose 
fulerum is the shell’s centre of gravity. The pres- 
sure of the air against this lever as the shell moves 
forward, drives it to the rear, in which place it would 
remain steady, did the shell in its course deseribe a 
straight line; a curve, however, being the line 
actually described, it follows that the direction from 
which the resistance created by the shell’s own 
motion comes, is ever varying; whereby the occur- 
rence of an equilibrium is prevented, and the shell 
is caused to oscillate laterally as it were. If the size 
of the fuze end of it, however, be at all considerable, 
the shell will rarely topple over, and, in consequence, 
the light of the fuze, during the ascending curye, will 
generally be visible. 
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“The more rapidly a ball is made to reach its 
goal, the nearer will the line described by it approach 
40 a straight one, and the less will it roll, It is 
possible that the old musket-ball did not roll much 
during the first fifty or hundred yards of its flight, 
and that the accuracy of shooting with it will have 
been less on this account. A ball which dees not 
roll; may be said to be ‘in position;’ there is 
inherent in it a fixed tendency to deviate from the 
line in which it is projected, Now a shell which 
rolls much by reason of its comparatively slow motion, 
is ever tending to stray in different directions, and, 
therefore, a movement in the wrong direction, at one 
mowent, being compensated for the next by a corre= 
sponding movement in the opposite direction, it may 
be by this means a recipient of an amount of acei- 
dental compensation to which, perhaps, the musket- 
ball is a stranger. 

“Such being the manifest effect of projections 
upon the surface of a shell, it is not diffleuli to 
imagine what must be the unseen effect of projections 
on the surface of a rifle ball. One projection, placed 
without regard to effect upon such surface, would 
make the ball jog and oscillate much after the 
manner that has been described. Two or more of 
proper form and construction will, on the contrary, 
if properly placed upon a projectile, hold it steady, 
and so impart to it a fixed tendency to digress, 
thereby preparing it to be usefully operated upon by 
spiral motion. 

“ So much as has been said will, I think, suffice to 
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disprove that not unfrequently entertained notion to 
the effect that the light end of @ bullet is kept for- 
ward by the operation. of the spiral motion imparted 
to it. I could cite more than one person and 
pamphlet (General Jacob), apparently under the 
influence of this belief, but which certainly does 
not aceord with theory, and the practical incortect- 
ness of which was thus manifested to me.” 

The Whitworth rifle, which was introduced to the 
world with a clarion flourish from the Times, has 
not made any very rapid progress toward perfection. 
Tt still drags out an existence, it is true, but its 
boasted superiority is alla myth; as time and expe- 
rience will show. 

Like the former, but more meritorious, invention of 
General Jacob, it is based on an unsound principle, 
an untenable theory, good only in seeming, which 
collapses when grasped by the hand of practical 
experience, 

‘The peculiarity connected with this weapon is the 
extraordinary circumstances under which it first saw 
the light:—It was produced by the aid of Plutus, 
dragging in reputed science to fashion on tho instant 
#® weapon superior to the tardy results of three 
centuries; though during that period numbers of 
talented individuals had devoted their lives to the 
study of gunnery. 

Wealth is generally believed to be able to remove 
all obstructions, and even to purchase capacity, if need 
be; though it can scarcely enable one individual to 
surpass the experience of ages, however talented that 
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individual may be. The attempt thus to obtain such 
assistance was a slight by the Government of the 
day to the improvers of British fire-arms; they were 
passed over as of no value, and the country’s wealth 
was thrown into the lap of a talented, but at the same 
time, not a practical man. 

The Government of this country had on all pre- 
vious occasions exacted from inventors their brains 
and their money, as an offering in exchange for 
patronage ; on this oceasion, however, they departed 
widely from their usual custom, for the “ mountain 
came to the mouse.” It would have been a grateful 
compliment if the Government had said to the inven- 
tor, “ You have done something for the good of your 
‘country with your limited means, here are thousands 
of pounds at your command; do something better, for 
we need it.” But nothing of the kind was done: a 
selection was made, justified by no antecedent qualifi- 
eations. The first thing necessary was the acquire- 
ment in a very short time of a practical knowledge of 
gunnery, in order that a weapon should be produced 
superior to any other; but whether success has 
attended these efforts or not is still doubtful, and 
this is in itself a fit rebuff to the Minister, who 
expected, like the citizen's wife, that “ gold would 
purchase capacity.” 

The great defect in the hexagonal-bored rifle is the 
extreme amount of friction, and the consequent use~ 
less expenditure of means. 

The bullet is produced in the most accurate manner 
ina lathe, and is composed of an alloy of lead, tin, 
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and manganese, so as to render it hard enough to 
resist the tendency to squash or swage; which is the 
case in General Jacob's principle. The angles on the 
bullet are cut with the greatest precision, in order to 
fit the groove of the barrel; constituting, in fact, a 
female screw of two turns in every thirty-nine inches 


of length. 

As fair play has always been my motto, I am 
actuated by no other desire than that of enabling 
the reader to form a true conception of the intricate 
nature of projectile science; and though the eulogium 
bestowed on the inventor's own creation is rather 
egotistical, I give it entire, dissecting it afterwards in 
the manner I think most conducive to a correct know- 
ledge of the real science of gunnery. 


“THE WHITWORTH AND ENFIELD RIFLES. 


+ For the last few days a very interesting and important. series 
of experiments has been in progress at the Government School of 
Musketry, Hythe, in order to test the comparative merits of these 
two rifles. The trial, which was of the most searching and impar- 
tial character, was conducted by Colonel Hay, the able bead of 
the school, and has terminated in establishing beyond all doubt 
the great and decided superiority of Mr, Whitworth's invention- 
‘The Enficld rifle, which was considered so much better than any 
other as to justify the formation of a vast Government establish- 
mont for its special manufacture, has been completely beaten. In 
accuracy of fire, in penetration, and in range, its rival excels it to « 

which hardly leaves room for comparison. 

“ 'The following table gives the best results that have been 
obtained from 10 shots of each arm respectively, in the course of 
the experiments, which have extended over a week in time, and 
were brought to # close yesterday in the presence of Lord Panmure 
and of a number of military and scientific spectators :— 
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Hay and Mr, Gunner, the manager of the Enfield factory. Both 
are first-rate marksmen, yet at 500 yards the Manchester rifle in 
the hands of the former gives three tinses as geod ehooting as the 
lattor can get outof the Government arm. All the other trials were 
made by Gring from a besutifully-constructed machine rest, which 
placed both weapons on o footing of perfect equality as to the con- 
ditions under which they were tested. Ta addition to the foregoing 
experiments, there was one for showing that with oylindro-con- 
oidal balls on the expansion principle of these used for the Enfield 


. satisfhetorily 

Aviation on the target frem the centre of the group of 10 bite being 
only “86 of a foot at 600 yards’ range. It will be observed that at 
500 yards’ range, at which the practice commenced, the shooting of 
Whitworth's rifle was so much better than the other that no greater 
distance was attempted. A reference to the first table of experi- 
ments will also demonstrate that the tanget made by the former 
‘weapon at 1,100 yards is nearly ax good os that made by the latter 
at 600. ‘These are great results to have achieved, and amply justify 
the forethought of the Jate Lord Hardingo in securing the services 
of so eminent a mechanic as Mr. Whitworth for the i 

of the rifle, Until he took the subject in hand the proper principles 
for guidance in the construction of the weapon had not been accn- 
rately determined, The manufseture was still conducted by sule of 
thumb, nnd in a very hap-hazand way on the most important points. 

‘Tho use of groves and Ss trofece made serpent 
to sooure the requisite amount of pitch in the rifling and the indle- 
pensable hardness of metal in the bullet for penetration. Moreover, 
from the small amount of bearing, the wear and tear both in the 
Darrel and in the projectile were enormous, and the length of tho 
latter could not be increased without causing it to capsize in its 
Aight. By the polygonal bore and rapid pitch to which the form of 
the bullet conforms, Mr, Whitworth has rendered strip- 
ping impossible, and, his rifle when fired acting exactly like a male 
‘ond fermalo screw, the projectile must rotate with perfect steadiness 
and precision on its axis. He can increase its length so considera 
bly as to secure space for converting it into ashell if necessary ; and, 
TRAE sila yo ues crval cf any dagzew of Har Xt Soy Wage a 
form and strength exuetly to the work which it has to perform. 
as i ite 80 inches inn tod toh bs, Dering bee 
in 20 inches, or two turns in its length, he in 
Of aoe 5 iy ee Be wun 
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a core ont of a piece of solid timber half a foot thick ; and some 
ides may be formed of the extraordinary power of this arm when we 
mention that his projectiles in their fight rotate at the rate of 
15,000 zevolutions per minute. ‘The quostion of driving holes in 
tho 4-inch breast plates of flonting batteries is at once solved by the 
application of these prineJples to artillery, the construction of which 
thie new rifle proves must be completely revolutionized. A weapon 
which in expert hands will make good practice at 1,400 yards, and 
the range of which can be very easily helped by a telescope if 
necessary, gives the coup de grace to our present system of field 
batteries. At the Alma it would have silenced the Russlan gums or 
driven them from their position, rendering the rush of the Light 
Division, with the heavy loss of life consequent thereun, unecessary. 
Nor during the siege of Sebastopol would the rope muntlets of the 
Redan and the Malakhoff having given much protection to the mon 
working behind the embrasures,” &c., &e,, &e. 

So much for the praise bestowed by Mr. Whitworth 
on his own production. A beautiful experiment it 
has been, and one for which the scientifle world is 
bound to be thankful; giving, as it does, perhaps a 
faint idea only of what is yet to be effected. 

However, all is not gold that glitters: it is yery 
well to do all this by straining every principle 
that can be brought to bear,—extra charge, bullets 
hardened and turned with mathematical precision, 
steel barrels, with a fineness of polish in the interior 
like that of a looking-glass—these are all great adjuncts 
in the trial against an ordinary unprepared gun, taken 
from a number promiscuously, and which perhaps might 
be the worst specimen in the possession of the party 
at Hythe. But these are trifles when compared with 
the two following facts. The diameter of the bore 
of Mr. Whitworth’s is 500, or half-inch at the largest 
diameter, and 450 at the smallest, or a mean, taking 
the two extremes, of fifty bore; the Enfield is 577, or 
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twenty-five bore, and the bullets on leaving the guns 


were the same weight exactly, The length of the 
Enfield bullet is § inch, that of the Whitworth is 
lj} inch. But all this will be more fully seen from the 
woodcuts. 


HereeL® sAnart Axe vervenerT prLLETe. 
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‘Thus it will be seen that the amount of resistance 
or displacement of atmospheric air by one bullet is 
nearly double that of the other, and this is a most 
important point in Mr. Whitworth’s favour; but the 
quantity of gunpowder used in the one is precisely 
the same as that used in the other, though Mr. 
Whitworth’s rifle is little more than half the size of 
bore, the pressure on the square inch being conse- 
quently nearly double; hence the circumstances are 
not sufficiently equal for Mr. Whitworth to claim for 
his rifle any great superiority: the gun may take the 





attention of tho unwary, but its principles will not 
bear investigation. 

Let me change the circumstances of the case, by 
retaining the principle of the Enfield, but changing the 
bore to the same as Mr. Whitworth’s, increasing at 
the same time the length of projectile, and I will 
engage to beat it with a mach reduced charge. The 
extreme degree of female screw or spiral, one turn 
in twenty inches, or two turns in the whole length 
of the barrel, creates, as must be familiar to the 
most obtuse mind, an enormous amount of friction, 
and in consequence of this an equal quantity of 
force is absorbed: in other words, there is a useless 
waste of force, 

The Enfield barrel has but a proportion of turn, 
one in six feet six inches, or exactly half a spiral in 
the three fect three, generating 300 per cent. less 
friction than in the Whitworth rifle; so that on this 
score alone the saying would be very great, and in 
this trial the Whitworth would be inferior to the 
Enfield; the inventor, therefore, has unjustly laid 
claim to superiority, as the trial has been condueted 
on very unequal terms. 

Mr. Whitworth says his bullet rotates at the rate 
of 15,000 revolutions in a minute ; now the friction on 
the periphery of a bullet having this extreme spinning 
on an axis, must very much lessen its range. If we 
weigh force, and carefully caleulate its expenditure in 
2,000 yards, the periphery has made 4,000 revolu- 
tions. Now look at the shape of the hexagonal body 
depicted in the woodeut at page 377, and estimate 
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the friction it will undergo. The Enfield in the same 
distance would rotate only 1,000 times, thus affording 
another gain of 300 per cent. The question, there- 
fore, which arises is this: If all this can be done 
equally well with the Enfield, why not do it? And 
the answer is, because thero is nothing to be gained 
by it. Great doubts now exist whether the bore 25 is 
not too great a reduction: in fact, you will find no 
military advocates for it. The faculty will tell you 
that small wounds are not so destructive as large 
ones: the human body is as much affected by the 
shock as by the penctration of a bullet. Many other 
reasons might be advanced in favour of increased size 
of bullet, and much more important reasons must be 
given, before the whole military system has to be re- 
changed, than a mere gain of 300 or 400 yards; 
whilst there can be little doubt that the ranges we 
now possess in the Enfield are more than equivalent 
to our wants. The human eye cannot define precisely 
at 900 or 1,000 yards, and yet greater accuracy is 
required to fire a ball at a distance of 2,000 yards; 
again, it is a question which bas frequently arisen in 
my mind, in how many situations in England or on 
the Continent can we get a clear view of 2,000 yards, 
‘The effort, indeed, to increase range appears like 
seeking after a remedy for a disease which has never 
yet been discovered. 

If ranges of 2,000 yards and upwards are required, 
rifled cannon will again take their proper place; for 
‘on investigating the tables of practice published by 
General Jacob, I find the average distance of shot 
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from the centre of butt. to be, at 2,000 yards, nearly 
9 feet, with 13:7 degrees elevation; whilst the Whit- 
worth is said to be 114 feet, with about 8 degrees 
of elevation. I saw, some time ago, some practice 
at Shoeburyness with an 18-pounder rifle cannon, 
which gave a range of 3,650 yards, with an elevation 
of 0°10 degrees, and a breeze blowing across, a mean 
deflection of only 30 inches from the centre. This 
throws Jacob, Whitworth, and the Enfield all into 
the shade together; yet there can be no doubt that 
this can be excelled, when heavier guns are brought 
to the same state of perfection as this 18-pounder. 
The case therefore stands thus: the Jacob rifle has a 
greator range than the Enfield, at a cost of 100 per 
cent. more friction, and an expenditure of 50 per cent. 
more of projectile force; the Whitworth has also a 
greater range, but at a cost of 300 per cent. more 
friction, and 100 per cont. additional projectile force. 
With these observations I leave this subject in the 
hands of the public, being convinced that projectile 
power obtained at such a cost will never come into 
general use; though the production of the Whitworth 
rifle will always be looked upon as an experiment of 
very great interest. 

‘There is but one other point relating to the use of 
guns on such a principle, and that is their safety; 
which is always of the greatest importance. It is a 
well-known fact that the first movement of projectiles 
depends very much on the amount of inertia in that 
projectile ; and different forms of projectiles, though of 
the same weight, will offer very different amounts of 
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resistance to motion. No one can doubt that two 
columns of lead, each of an ounce in weight, one being 
as high again as the other, will offer different amounts 
of resistance ; first, from the law that the time occupied 
in overcoming inertia is in proportion to the length 
of that body; secondly, if these columns of metals 
are confined in tubes, then the friction on the one 
which is half an ineh long will be much less than on 
the other, which is one inch in length: and this is, on 
the mildest terms, the relative position of the two. 
‘There can be no doubt that a much greater pressure 
is required to start the longer column of double the 
length ; but when we consider that there are the facets 
of six angles, with a spiral inclination of one in nine 
teen, the difficulty of starting this bullet becomes still 
more apparent. Now suppose the gun has been loaded 
‘a few hours, and a certain amount of adhesion has 
been effected between the bullet and sides of the 
barrel, by the unctuous deposit from previous dis- 
charges, then the difficulty of starting the bullet 
instantancously will be still more increased: sup- 
posing the breech end of a barrel, with the ordinary 
charge of the Enfield cartridge and bullet, has a 
force exerted upon it of 2,000 pounds in the square 
inch, then in the hexagonal not much less than double 
that strength will be requisite to meet the contin- 
gencies of dirty guns: in fact I know that a serious 
accident did occur very recently with a double rifle 
constructed on Whitworth’s principle, notwithstanding 
all the care bestowed upon it by a first-rate maker ; and 
T believe that this gun, if it is to be used with safety, 





must have a barrel double the strength of other 
rifles. ~ 

The doubtful nature of Mr. Whitworth’s 
ments must be apparent from the fact that they were 
made in a shed, from which strong currents of ait 
were excluded: any bullet would range accurately ia 
vacuo, or in atmosphere equally quiescent; deduc- 
tions, therefore, drawn from such experiments must 
be worthless. Battles‘oceur not under such favourable 
circumstances ; protuberances on bullets tell most in 
high currents, and least in a quiet atmosphere; so 
that had the experiments been instituted in the open 
air, they would doubtless have yielded a different 
result. ‘The hexagonal bullet of large size has been 
proveil to be very eccentric indeed in its flight; henee 
a bullet of the smallest dimensions was used, for had 
it been larger, its great enemy, the atmosphere, would 
have rendered the chance of even partial success per- 
feetly hopeless. 

Now, observe what would be the effect of extension 
of length and decrease of diameter in the Greenerean 
expansive bullet. Harden it by alloys, as adopted in the 
Whitworth; use the same chargo, and the probability: 
is great, that, from the absence of extreme friction, 
it will excel in range, accuracy, and penetration the 
Whitworth, as much as that does now the Enfield. 

Tf the Government can seo any important advantage: 
to be gained by extending the range we now possess; 
if anything is to be gained by reduction from 25 to 
50 hore; if, indeed, there is any point which is 
advantageous in the Whitworth, I will pledge my 
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reputation that this may be obteined in the expansive 
principle: and that, too, with » much Jess expenditure 
of expellant force. 

The “ hoodwinking” of the public by not diselos- 
ing the fact that the pressure of the gunpowder in 
the Whitworth was double, the bore being but one- 
half, is at best an attempt at concealment not eredit- 
able to the parties concerned. Knowledge of the 
principles which regulate projectile science is not so 
scanty as to allow the palm to be carried away from 
the profession, and worn by a gentleman who, on his 
own admission; is unpractised in the science of gun- 
nery. The science to be effectually improved must 
be carried on at the cost of the nation, as Mr. Whit- 
worth's experiments were. This fact certainly bears 
the appearance of » good precedent, and I hope it 
may be extended. 

Mr. Whitworth, like General Jacob, has had to 
sacrifice scientific economy in order to obtain the 
points he required. T have already dilated upon the 
truism that all projectiles range with the greatest 
economy which have the centre of gravity in the head 
or fore part of the bullet. I have also pointed out the 
fact that the elongated projectiles which have not the 
centre of gravity in the head, turn over during their 
flight after leaving the muzzlo of the gun; and this is 
also found to be the case in rifles having a greater 
degree of spiral than the Enfield, one turn in six feet 
G inches. To meet this difficulty, therefore, General 
Jacob adopts one turn of spiral in every three feet: 
thus his bullet in passing out has double the friction of 
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cleaning his rifle when in action, and yet if the 
hexagonal principle were to be adopted, it must be 
repeatedly cleaned, or it would be almost impossible 
to load it, and when discharged it would either burst 
or its fire would not be effective. During such a 
war as that in India, going on day and night, a 
soldier could not be expected to wash out his rifle 
after every half-dozen shots. 

The field in which experiments are carried on is 
very different from that of a battle. Experiments, as 
detailed, sometimes turn out most fallacious when put 

_ to the use for which they are intended; and in no 
ease is this more apparent than in breech-loading 
arms: thousands of rounds may be fired in a fow 
days with great success; but extend that over twelve 
months, a certain number being fired every day, and 
the gun being cleaned after each day's practice, and 
long before thousands are fired, the gun displays 
weak points—points which could not be discovered 
in the lesser experiment. So it is in practice: a gun 
left dirty for hours is undergoing rapid destruction ; 
the unctuous deposit from gunpowder has such an 
affinity for iron that minute galvanic cells are formed 
om its surface in a yery short time: half an hour 
after a gun has beon discharged in a damp atmo- 
sphere these operations may be seen to be going on 
with rapidity, and an old gun on the hexagonal prin- 
ciple (if one should last long enough to grow old) 
would not be a very desirable weapon, in point of 
safety. 

The comparative cost of ammunition for the hexa- 
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Tt is easy to conceive that in India, where the heat 
is intense, the grease on the cartridge might have 
dieappeared ; the tunctuous deposit of gunpowder on 
the interior of the barrel is also rendered more 
adhesive, and necessarily offers greater obstruction 
to the ramming down of the bullet. The very slight 
difference between the diameter of the bullet and 
that of the bore, or windage, niust necessarily add 
to the difficulty under such citcumstanecs; but if 
half a size, or a fow decimals of diameter, were 
taken from the sides of the bullet and added to its 
longth, the difficulty would be effectually removed : 
with increased length, and increasing means of ex- 
pansion, if necessary, such an occurrence could never 
take place. 

‘The original expanding bullet was intended to fill 
up the difference of three sizes of gatige; surely, 
then, there can be no difficulty in expanding a much 
less diameter of bullet one half, or even full one 
Size of gauge. Where would be the difficulty in 
having the bullet 26-bore, or even smaller, and ex- 
panding it to 25. The éceurrence, indeed, of such 
& fact as that alluded to is to an intelligent mind 
quite incomprehensible; it could only arise from 
gross incompeteney—soine cobbling with the bullet's 
cup in the pressing, or perhaps enlargement by wear, 
or more likely still from the pulp-made cartridge 
paper. That this difficulty has heen experienced is 
obvious; and the inference is strong, that the official 
fiaviagers of these affairs are still in the midst of 
& long experiment: it is clear that they are not 
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perfectly masters of the practice of gunnery, and it 
is almost time the people of this country had their 
work better done, It is more than probable that, 
instead of meeting this difficulty with the proper 
spirit of improvement, they will fly off at come other 
tangent, and adopt the nostrum of some “ arrant 
quack ;” thus effectually adding to the complication. 

Fach regiment ought to have moulds, and the 
means of making their cartridges on such emer- 
gencies ; a body of provident officials ought to attend 
to this, that a repetition of it may be avoided. 

An ordinary mind would have perceived that, in 
such lengthened operations as those our soldiers haye 
been engaged in, the cleaning of their arms would be 
almost impossible ; still the men are not instructed 
that in such a difficulty an oiled rag passed up and 
down the barrel would diminish it ; neither is such a 
simple remedy provided: let us trast, however, that 
this misfortune will lead to improvement. If this 
difficulty is encountered in the Enfield, which is, 
comparatively speaking, a smooth bore, what would 
he the difficulty in the hexagonal bore with two turns 
in 39 inches! The possibility of loading the latter 
would be very remote indeed, if not quite impracti- 
cable, and a total bar to anything like its general 
adoption. 

Pure lead is indispensable for all rifle bullets, but 
more especially for the expansive, which is in reality 
useless without it. A lubricating grease, of a given 
consistency for various climates, is also a desideratum 
yet to be accomplished; how desirable it would be, 
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is shown by all the accounts of good shooting I have 
ever received or met with, 

A yast number of projectiles have been produced, 
and strenuously advocated; but from the total want 
of scientific arrangement in their construction they 
have had but a very short existence. The vital 
principle in all elongated projectiles is to have the 
centre of gravity in the fore end; wanting that, an 
unnecessary spinning motion must he resorted to, at 
the cost of immense friction: for the tendency to 
change position can only be obviated by excessive 
spiral motion ; whilst in a bullet having the centre 
of gravity in the head, much less spiral motion 
suffices: its scientific construction admits of no ten- 
dency to change; straight forward is its natural 
inclination, and to this inclination it adheres. 

A late writer on projectiles has laboured hard to 
condemn the expansive principle and the cup; he 
has even aspired to lecture on it before Royalty, and 
as an improvement upon it, he recommends the fol- 
lowing invention of his own :-— 

“In my endeavours to remedy the evils which have 
been so often and justly complained of, I attempted 
the construction of several bullets, particularly with 
the view of solving the question —can a cylindro- 
conoidal bullet be contrived, which will have a flat 
surface for its base, and the centre of gravity in the 
fore part? In my attempts from time to time I met 
with less or moro success until I arrived at my last 
improvement, the principle of which has afforded me 
so much satisfaction, that I fancy I have only to 
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‘The Swiss bullet has obtained to some extant a repue 
tation, admitting, like the Lancaster elliptical bullet, 
of being put into higher yelocity. Its range, however, 
is limited, from the very groat friction it undergoes 
in passing up the barrel; it is driven in upon itself 
until it becomes a mere plug of lead with a hemi- 
spherical head; and the centre of gravity being 
behind, ensures its flight frequently terminating by 
turning “‘topsy turvy.” Moreover, it cannot be used 
ona large scale, except by the addition of a hard 
metal point, as in General Jacob's bullet. 

The wisdom displayed in rifling barrels with the 
gathering or deepening groove may be doubted; it 
admits of serious consideration, whether or not it 
tends to increase the friction of the bullet passing 
outward. It is evident that did the bullet expand 
all at once it would do so; but as this is well known 
not to be the case, the question arises what is the 
adyantage gained? for it is asserted on high ausho- 
rity that it improves the shooting. The mere deep- 
ening of the grooves at the breech end can have but 
little effect; and the question is, docs the shallowing 
of the grooves as the bullet approaches the muzzle, 
produce the effect? We think it does. In the 
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rigid point, influenced the shooting of the gun to a 
considerable extent; so that an increase of metal was 
found necessary. 

The difficulty of obtaining good shooting with 
double rifles, one side of each barrel being held rigid 
whilst the other is yielding, explains the difficulty, 
and points to the remedy: an increase of metal, or, 
what would be more convenient, the adoption of the 
most perfect laminated steel for all double rifles; it 
being self-evident that soft barrels and correct rifle- 
shooting are to a certain extent incompatible. 

Double rifles have nearly superseded single ones ; 
for few who can afford the additional price will use 
the latter, when in the same weight he can have two 
useful weapons. The one great end generally sought 
in a rifle is sufficient weight to neutralise the force 
of the explosion or recoil; and the additional barrel 
answers this as effectually as additional thickness of 
iron in the single. But there is one objection which 
I have never been able to master in the construc 
tion of double rifle barrels, and I much doubt the 
possibility of effectually overeoming it—another proof 
that mathematical demonstrations arc frequently wrong 
in practice, however correct in theory. Many hold 
it to be essential that double rifle barrels should 
be put together perfectly parallel. I followed this 
rule, and was at considerable cost in perfecting tools 
for the purpose; yet, strange to say, in trial I found 
invariably that the right barrel threw the ball slightly 
to the right, and the left to the left. This I have 
been at enormous trouble to ascertain, and am enabled 
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no breech-loader can give the same results as a solid 
constructed gun barrel, unsoundness and absorption 
of power being always found to go hand in hand 
together. 

I have had considerable experience in breech-load- 
ing guns, having obtained one or two patents; and 
yory careful attention to the subject has satisfied me 
that the question was sufficiently ventilated soon after 
the adoption of gunnery, and that it was exhausted by 
many hundreds of inventors as ingenious as those of 
the present day; the result being in all cases a total 
failure. 

One of the best breech-loading carbines of the 
present day is undoubtedly that of Mr. F. W- 
Prince, and those to whom they are unobjection- 
able will certainly find in this the simplest and a 
most effective weapon of the kind: Mr, Prince 
has certainly made the most of the practical know- 
ledge ho has brought to bear upon the invention. 

Revolving rifles are, like revolving pistols, com- 
plicated weapons, useful only for certain purposes; 
requiring, as they do, very great care and cleanliness, 
to insure at best their limited services. Long barrels 
are useless, because all the velocity that can be given 
to the projectile has to be generated in the revolving 
chambers; all the superfluous force escaping at the 
joint of breeches and barrels. For any useful pur- 
pose, anine-inch would be better than a longer barrel, 
allowing the bullet to leave the muzzle at a much 
higher velocity than it would do after passing through 
a barrel of thirty inches, It is evident, indeed, that 
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would justify a reduction of length 
to 15 inches, thus reducing the 
weight to alittle over 44 1bs.; and 
yet this carbine would be more 
certain in its effects at 600 yards, 
than old Brown Bess at 150. The 
complaint that carbines are found 
to be an encumbrance in the ser- 
vice is no longer valid: they may be 
made to form merely a portion of 
the saddle with the same facility of 
handling as a pistol, and with a hun- 
dredfold greater accuracy of range. 
‘The hybrid affair, adopted by the 
Government, of a pistol made to 
serve as a carbine by the introdue- 
tion of a loose butt, is of doubtful 
utility: if valuable as a carbine, it 
will never be used as a pistol; hence 
it had been much better to make 
it a carbine at once, thus rendering 
it at the same time more durable 
and less costly: even a double 
carbine might be constructed at 
about twice the price paid for the 
socket joint alone. But there is 
still a want in the Government 
establishment of “designers” of 
4 rts Mtl, Cr ability; all that has been effected 
‘we, is reien" by way of improvement has been 
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hines the greatest number of favourable points. Many 
years ago I made numberless experiments to ascertain 
this fact, and had it demonstrated beyond all doubt 
to be a bore of 18 and a bullet of 19; the difference 
in size admitting of the paper of the cartridge with a 
moderate degree of tightness. The ultimate range 
of such a musket with three drachms of gunpowder, 
would be equal to the range of the Enfield; but, of 
course, without one-tenth its accuracy. Yet for close 
quarters, line-firing, or quickness of loading, the 
musket will hold its place for centuries to come ; 
and that this opinion is entertained by many officers, 
is proved by the fact that our Government is at this 
moment issuing contracts for 100,000 plain-bored 
muskets; 17 bore, 3 fect 3 inches long in the barrel, 
‘The near approximation of bore to my standard is 
suggestive of the influence my writings have had 
after many years, as the following extract from my 
book of 1842 shows :— 

“Military rifles should never be shorter than three 
feet—say three feet three inches, with half-turn of 
spiral—the length of the musket. They should not 
be larger in the bore than a ball eighteen to the 
pound, as at that length a force, calculated to throw 
an extreme distance, might be generated. Whatever 
may be the arguments for heavy substances, they do 
not avail here, as it is impossible to throw them either 
with yelocity or accuracy; for there never can be 
certainty, where so much elevation is required. The 
size of ball we have mentioned, can be thrown with 
great certainty, as far, if not farther, than any soldier 
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highly unscientific theory of putting a bullet into 
excessive spiral motion at the instant it has acquired 
a maximum of velocity is untenable, admitting of no 
lucid explanation. The Enficld rifle has evidently 
many enemies, who do not hesitate in injuring her 
reputation, nor hesitate about the means of doing it. 
All elliptical bores are but the two-grooved rifle in 
disguise: an idea fast exploding, 

The truth of my opinion about the two-grooved 
or Brunswick rifle, introduced into the service in 
1840, is now proved. Many of my readers will 
recollect that in my books of 1842 and 1846 I 
termed this “an abortion of science:” it has since 
died with that cognomen ; though it was puffed 
up, as my readers will remember, by many high 
authorities, and amongst the rest by Dr. Ure, who 
said nearly as much for it as is now advanced in 
favour of the hexagonal rifle. On referring to the 
report of the Select Committee on Small Arms, 
published in 1852, I find the following account 
of it:— 

“ At all distances above 400 yards the shooting was 
so wild as to be unrecorded. The Brunswick rifle 
has shown itself to be much inforior in point of range 
to every other arm hitherto noticed. 

“The loading of this rifle is so difficult that it is 
wonderful how the rifle regiments have continued to 
use it so long—the force required to ram down the 
ball being so great as to render any man's hand 
unsteady for accurate shooting. Comment is un- 
necessary.” 
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and terminated so very unsatisfactorily, that Mr, 
Whitworth wished to make some alterations in his 
rif_les, in order to oyercome the difficulties presented, 
Up to the present time the authorities inform me 
that no other rifles have been sent in for further 
trial. 
The defects demonstrated in these experiments 
were precisely those pointed out in this chapter. 
On reversing their positions, “hard bullets w. soft,” 
the penetration of the Enfield was found to be equal 
to that of the Whitworth; the same number of elm 
deals being perforated. This proves what may be 
done by “mechanical dodges,” and how intimately 
acquainted those in charge of “ gunnery experiments” 
ought to be with all its ramifications, or they, too, 
may be hoodwinked. 

The difficulty of loading was here more strongly 
exemplified than at Hythe. The deposit from the 
* Government gunpowder” became so tenacious in 
the “hexagonal grooves,” that after a certain num- 
her of shots, loading became a very difficult matter 
indeed ; so much so, that Mr. Whitworth con- 
siderately provided a very superior description of 
gunpowder, with which the hexagonal rifle worked 
alittle better. The recoil, too, was of that severe 
kind as to leave strong recollections of its force on 
the minds of the reluctant operative shooters em- 
ployed to carry out the experiment. The entire 
result may be summed up, in the mildest term, as 
“ unsatisfactory.” The concealment of this result 
may be probably a considerate act on the part of 
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the late Government; the parts acted by some of 
the members of it must be strong in the recollection 
of others; and letting down quietly this very highly 
inflated “ wind-bag,” when it showed symptoms of 
collapse, was doubtless a judicious act. 


CHAPTER X. 


REVOLVING PISTOLS. 


Revo.vine or repeating pistols have now become as 
necessary in war as the rifle. The peculiarity of the 
contests in various parts of America first showed the 
necessity of a weapon being constructed, the moral 
and destructive effects of which should be equal. 
Colonel Colt was unquestionably the first to over~ 


come the difficulties found to exist in the earliest 
productions, and when the introduction of the revolver 
into Europe became general, and the demands for it 
increased, the manufacturers were enabled, from the 
commencement, to avoid the defects which he had 
overcome in the course of his experience; and thus, 
their task was a lighter one than his. An immense 
number of revolving pistols have been constructed in 
a very short time; but, like all new creations in 
mechanical science, the production has been distin- 
guished by quantity rather than quality. ‘The general 
adoption of these arms has been greatly impeded by 
the very inferior quality produced. Revolving pistols 
may be had from 10s. upwards; but as to the utility 
of such cheap trash nothing can be said. ‘The posses 
sion of one may have a moral effect on the courage of 
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taken. The pistol is rendily cocked by the thumb of the right 
hand, a plan in every way far superior to the arrangement whereby 
tho hammer is raisod by a pull on the trigger: this ix in every 
respect most objectionable, the jull materially interfering with the 
correctness of aim; and the scar-spring having the duty of the 
main-spring to perform as well, is apt constantly to be getting out 
of order. 

“The ramrod attached to these pistols consists of a very clover but 
simple compound lever, which, forcing the ball effectually home, 
hermeticully soals the chamber containing tho powdor, and by the 
application of a small quantity of wax to the nipple before eapping, 
the pistol may be immersed for hours in water without the chance 
of a miss-fire,” r 

‘The great disadvantage said to be existing in this 
revolver is the necessity of cocking and half-cocking 
at every discharge; which double action is difficult 
in certain positions where revolvers are of the greatest 
use, as in a melée surrounded by many enemies, 
where the cocking and firing by one pulling motion, 
as in Tranter’s and Dean's, is more expeditious: in 
fact, certificates are published by officers who, at the 
battle of Inkermann, would hare been cut down had 
the slightest delay been necessary for cocking the 
pistol. On the other hand, it is said, that no certain 
aim can be taken where the pulling up and sudden 
liberation of the mainspring discharges the pistol ; 
the act of discharging it destroying the aim. These 
two points have their advocates and their objectors, 
as has always been the case with new plans. 

The mechanical construction of Colt’s pistol is 
effected entirely by machinery, and on this account 
superiority is claimed for it; in my opinion, how- 
ever, the boasted benefits of machinery have never yet 
beon realised. The manufacture of gana without 
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"The rotation of the chambers was obtained by a ratchet pall; 
acting of a tooth each time the trigger was pulled, thus causing 
the chambers to revolve, so far as to bring a nipple into the propor 
position for receiving the blow of the hammer, and in that situa~ 
toh 1 was beld by a projecting etop on the back of the trigaet, 

“Tn onder to load the chambers it was necessary that they shonld 
revolve fres of the stop; this was effected by pressing inwards 
fincthte lop, attached to's kprlag 08 tht ede of the lock, Which 
‘eagaged the point of the hammer and prevented it from descending 
ee tee ee ee 

led, the side spring stop was released and resamod its 
Weed atin. leaving the weapon ready for action. 

“The bullets were cast with a small ‘tang’ on them, which served 
to fix a wail on cach ; thus no ramrod was required in loading, the 
Dullets being merely pressed in with the finger. ‘The aperture of 
the barrel was slightly expanded at the lower end to admit of the 
ullets entering more readily in fiting. ‘The rifling of the barrel 
‘was the reverse of the ordinary system, ns it consisted of three pro- 
Jecting ‘ feathers, or ridges, extending the length of the tube, 
leaving very wide grooves between them, 


‘The defect of cocking and firing by the same action 
of the trigger must have been important; for new 
patents were, I believe, taken to cover both plans, 
and they now manufacture what is termed a double- 
action pistol, which acts either by cocking with the 
finger, or by the trigger, as of old. The important 
improvement in the durability and soundness of Dean 
and Adams's pistol over Colt’s is, that the barrel, 
the lock-frame, and top bar, are all forged out of one 
piece of iron; thus, the cylinders revolve in a frame 
which cannot undergo any displacement. 

Ti Colt’s, the barrel is supported by a ctooked 
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elbow, rising from the centre, or revolving pin; 
its principal support consequently is some distance 
below the tube of the barrel, but parallel to it: the 
effect of long firing is to bend this elbow, causing 
the barrel to fall or droop downward, instead of con- 
tinuing in a straight line with the chambers ; thus, 
an opening between the chambers and the barrel is 
established, increasing the space for lateral escape. 

Next, though certainly not least, is Tranter’s pistol, 
of three different modes of construction. The name 
of this manufacturer has risen higher than that of 
his London competitors; owing, no doubt, in a great 
measure, to the generally entertained opinion that 
all essential improvements in the English revolving 
pistols have arisen from the skill and untiring 
industry of Mr, William Tranter. Whether the 
opinion that he originated all the improvements 
claimed for Dean and Adams's pistol is well founded 
or not, I cannot say: I only reiterate the opinion; 
and I believe, from the very great attention Mr. 
‘Tranter has paid to the subject, and from his great 
mechanical skill, that he is quite capable of effect- 
ing these improvements. Any admirer of beantiful 
arrangements in gunnery has only to examine one of 
his double-trigger revolving pistols, to be struck with 
the elaborate nature of his improvements. I give a 
wood-cut of it on the next page, and some quotations 
from his own description of its quality :— 

“ W. Tranter’s patents for a double trigger, a safety- 
hammer spring, an elongated socket for the chamber, 
a loading lever, and a lubricating bullet for revolving 
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arms, increase the value and efficiency of these arms 
as defensive weapons. 

“By means of the patent double- 
trigger the pistol can bo held more 
firmly in the hand while being 
fired, and only one hand is required 
to raise the hammer and fire the 
pistol. A perfectly accurate and 
quicker aim can be taken, and 
the pistol discharged at the in- 
stant desired; the hammer can 
be raised again without lowering 
or removing the pistol from the 
object till the whole of the cham- 
bers are fired off. The chamber 
is held firmly opposite the front 
barrel before the 
hammer begins to 
fall, and also at 
the moment it is 
discharged ; the 
chamber cannot 
be turned away 
from the front 
barrel by the 
hammer at the 
moment it is dis- 
charged. In cases 
of emergency the 
with the groatest rapidity by pulling both triggers 
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together. The exploded caps do not get into the 
works and render the pistol useless till removed. 
But little practice is required to cnable a person to 
shoot with accuracy. 

“The patent safety hammer spring always acts with 
tho hammer and trigger; should anything accident- 
ally lift the hammer, the safety-spring instantly falls 
undey it and prevents it falling upon the cap, thereby 
preventing an accidental discharge, The safety- 
spring also facilitates the loading, by allowing the 
hammer to rest upon it while the chambers are being 
charged, and at the same time acting as a safety- 
spring during the operation of loading. The pistol 
can be carried with perfect safety when loaded, either 
in the pocket or holster, by allowing the hammer to 
Test upon the safety-spring. 

“By means of the patent elongating socket, the 
chamber ean be properly and readily adjusted to the 
frame of the pistol; and as the chamber with use 
becomes too free, and the strength of the shooting 
depreciated, the elongating socket enables it to be 
readjusted as perfectly as when first made—an 
important consideration with these arma, 

“The patent loading lever enables the piste! to be 
loaded with greater facility, and fits the lubricating 
bullet to the chamber so exaetly that the powder cannot 
fail to bend up the flange of the bullet and distribute 
the lubrication all over the inner surface of the cham- 
ber and barrel; it also fixes the bullet so firmly in 
its place in the chamber that it does not fall ont 
with being carried in the pocket or holster, neither 
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* The pistol can be used with one hand, and fired 
with the greatest rapidity and 
facility by pulling the trigger with 
the fore finger only. 

*“ The hammer can be raised 
and the pistol fired as an ordinary 
fowling-piece. 

«The spring lock for locking 
the chambers enables the pistol 
to be carried safely, and can be 
released when required by the 
thumb of the right hand. 

“ The lock of the pistol is sim- 
ple, and not liable to derangement. 
Tt can be easily taken to pieces 

when required, 
and as easily put 
together again. 

“ The patent 
elongating socket 
is combined with 
this revolver in 
the same manner 
as with the patent 
double-trigger re- 
volver, and with 
the same advan- 

‘Truntor’s doubie-action Revolver, tages, 
“The new patent loading lever is attached to this 
revolver; in the same manner and with the same 
advantages as to the patent double-trigger revolver.” 7 
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Woebley's patent revolving pistol is an improvement 
upon Colt’s best pistol, the cylinder rotating by the 
cocking of the lock. ‘The advantages obtained are, 
an exceedingly simple constriction in the rotating 
movement, enabling the patentee to manufacture 
them at a lower price than any of the preceding 
makers, and thus to produce, what is a great do- 
sideratum, a good and reasonable priced pistol. 


Webley’ Beretver, 

* Keep your powder dry” was the old watchword: 
“Take care of your ammunition” ought to be the 
watchword of the present day. 

Facility of loading is no doubt to a certain extent 
an advantage, but doubts exist whether breech-load- 
ing guns, if brought to such a state of perfection 
a3 to come into general use, would not, from their 
very facility of loading, become a serious evil. 

The difficulty which Commanding Officers have 
to contend with in war is in restraining their men 
from firing too rapidly, using two shots where one 
would suffice; but the process of loading inculeates 
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Symons’ work is one opinion which I select from a 
number in my possession :— 

“Revolving pistols only ought now-a-days, in my 
opinion, to be made breech-loading; and of these 
the pistol of Colonel Colt is a very good specimen, 
Tecan generally hit a target the size of a man with 
this pistol at a distance of 150 yards when clean, 
i.@,, with tho first shot; and I on ono occasion put 
five out of the six shots into the target suceessively. 
When foul, however, the bullets will not fly steadily 
and on their points. I one day, for the purpose of 
experiment, fired 60 rounds without cleaning, at 
planks placed a few yards off only, when latterly the 
bullets, instead of cutting the cireular holes they had 
been doing, commenced to make marks in the planks 
as if nails an inch long had struck thom sideways, 
On taking off the barrel to ascertain the cause, I 
found that it was nearly choked up with lead, The 
barrel of this pistol rapidly fouls, though the chambers 
do not.” 

It also furnishes a complete anawer to the absurd 
proposition of imparting spiral motion to a bullet, by 
means of an increasing spiral, after it is put into high 
yolocity, The fouling of the barrel by lead to an 
extent (as I have seen) of a considerable portion of 
the bore, is absolute proof that the bullet does not 
follow the course of the grooving; in its passage 
through the directing barrel it passes straight out, 
with the velocity imparted to it in the chamber. 

‘The experience of this fact induced Mr. Tranter 
to invent his lubricating bullet, the only form of 
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pistol with which many shots can be fired without 
cleaning. There are, in reality, many defects to be 
overcome (though it is very doubtful whether they 
will ever be) before revolvers can in any degree he 
relied upon for constant operations. I know for a 
fact that at this moment Government have in store 
many thousands, disabled for all useful purposes, 
though by the most trivial circumstances; fouling 
with lead being one of the most prominent defects, 
or some trifling disarrangement of the rotating 
machinery, such ‘as it might be supposed could be 
repaired: but they are returned to store as hopeless, 
in the usual course, and thus their fate is sealed 
as a military weapon, 

The double-barrelled under-and-over pistol was 
entirely discarded for the new toy; but hopes are 
entertained that the former will soon be restored to 
the lost preference of all who value their own safety, 
and would rather depend on two certainly destructive 
shots than six uncertain ones. For my own per- 
sonal use in any scene of combat, my reliance 
would be on a pair of double-barreled pistols; or 
what is of more use still, on double carbines. The 
Emperor of the French, however, is arming his 
sailors with revolving pistols; and lately, in India, 
a squadron of Dragoons used the revolver with deadly 
effect on a body of rebel Sepoys. 





CHAPTER XI. 


ENFIELD MACHINE-MADE RIFLES. 


Enrie.p, the seat of the Government manufacture of 
small arms, will become a celebrated place in future 
history; its productions being now one of the wonders 
of the present age. The term “ Enfield Rifle” does 
not denote any one improvement, but a series of 
improvements ; Enfield being merely the name of the 


place where the manufactory is situated. 

The Enfield rifle differs from the original rifled 
musket (better known as the Minié musket) in the 
fact of the bore haying been reduced to “577, and the 
weight of the arm to 9 bs. The regulation Minié 
musket was 10 Ibs. 8] oz. in weight, so that a saving 
_ of 1} bs. has been effected by the adoption of the pre- 
sent gun. The size of the bore was ‘702, and the 
weight of the bullet 680 grains, whilst the present 
regulation musket is only *577 bore, the bullet being 
520 grains in weight. 

The model arms ordered by Lord Hardinge, the 
Commander-in-Chief, in 1852, of Messrs. Greener, 
Parday, Richards, Lancaster, and Wilkinson, formed 
the base from which the Enfield was constructed, 
The “Sight” was Westley Richards’ invention. The 
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Expanding Bands for securing the stock and bar- 
rels (without which a machine-made musket would 
always be an uncertainty) are an invention of mine; 
several other points were also adopted on my recom- 
mendation : as, for instance, the furniture being case~ 
hardened, as in the rifle-corps gun, and the fastenings 
of the bayonet. ‘These points, however, being merely 
suggested improvements, and not, strictly speaking, 
inventions, conferred no benefit on me beyond the 
compliment involved in their adoption. 

Tet is well known that, but for my evidence before & 
committee of the House of Commons in 1848, the 
awivel-lock would not have been so soon adopted as it 
was. Thus it is evideut that much of the outer form, 
as well as the principle; of the present arti is due 
to my exertions: Much surprise was show by the 
Select Committee in 1852 that T did not give in 
for trial some improvement upon my own principle 
(which, by the by, they had not at that time ad- 
mitted); but prudence taught mo otherwise: to have 
done so would have affected the soundness of my 
claims. 

About the year 1851 it was detertiined to adopt 
some portion of the Amorican system of manufac: 
turing guns by the aid of machinery. A commission 
was appointed and sont out to the United States itt 
order to inspect the operations of their mechaiism, 
and to ascertain the advisability of adopting the 
whole, or a portion, of theif machinery in England. 
To the selection of the members of that commission, 
aid to theif judgment, may be adctibed whatever is 





CHAPTER XII. 
THE HARPOON GUN. 


Wuate shooting has now become a great fact; no 
other means being used to capture this monster of 
the deep but the harpoon gun, when it is possible to 
obtain it. Although little doubt remains but that 
whales, like “ grouse,” are becoming scarce, and that 
in a short time they will become almost extinet, yet 


their great value when captured will always stimulate 
hardy and daring seamen to pursue them even into 
their remotest haunts. The following cut represents 
the boat and gun now in use. 


ae aE = 
Experience has proved the value of this invention 
and every ship that goes to the fishing has now a 
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to be, good powder, of the largest grain; fine powder 
will not do it, but, on the contrary, would jump up 
the end of the harpoon, or bend it, so that it would 
be of no further use until repaired. 


CHAPTER XIIL. 
ON SHOT, CAPS, AND WADDING. 


Parent shot being still produced as at the time of 
publishing previous editions of my works, I have no 
important improvement to record. 

‘The manufacture is yery simple; the lead is first 
tempered by the aid of arsenic, in the proportions 
required by the slag (a technical term) for the kind 


‘ised; some lead taking more and some less. The 


melted metal is then poured into a perforated pan 
re2 
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placed over the mouth of the pit, or tower (which- 
ever may be in use.) Messrs. Walkers, Parkers, 
and Co. have towers in their various factories where 
they make shot ; the cut represents the one in New- 
castle. Messrs. Locke, Blackett, and Co. cast down 
the shaft of a pit, and by this means obtain a greater 
fall, The fluid metal takes a globular shape in 
falling, and the concentric motion of each particle 
round its axis keeps it in this form until its passage 
through the air has extracted the heat, and before 
it reaches the body of water placed to receive it. 
‘The only difficulty is in casting very large sizes; for 
if the distance the drops fall be not sufficiently great, 
and they reach the water in a semi-fluid state, the 
resistance of the water misshapes them. About three 
different sizes come out through one pan, These aro 
separated by the aid of riddles, or tabled, as the 
process is termed. A quantity of the shot is placed 
on a slight incline, when those that do not run off aro 
rejected. The whole are then polished in a machine 
termed a dram, with a mixture of black lead. ‘This 
gives to the shot that beautiful polish which capti- 
yates the eye, but which injures the shooting of the 
gun, as the black lead adheres to the interior of the 
tube, All shot should be used unpolished ; and the 
addition of hardness is unquestionably another adyan- 
tage. Slag-load is lighter than other lead, but it is 
much harder, and thus more suitable for shot. I 
regret the disuse of shot made with quicksilver, as it 
is unquestionably much superior, though more costly. 
A considerable improvement is yet to to be infro~ 





‘ON SHOT, CAPS, AND WADDING, 437 


duced in the manipulation of shot-making ; and I 
shall commence a round of experiments with that 
object at the earliest opportunity. 

Copper caps are now a misnomer: very fow are to 
be met with. Brass caps boiled to the colour of 
copper are the rule, the former the exception. Good 
caps are made in Birmingham, if a remunerative price 
is paid for them; and I have the pleasure to name 
several makers: Messrs. E. and A, Ludlow, Messrs. 
Pursall and Philips, and Mr. Cox. It must bo borne 
in mind that cheapness means inferiority: every 
article is made according to price. 

‘The mixture of soap mercury composition is? 


The above is one of the best compounds in use. 


6 grains or ounces, 
8 do. 
1 do. 
i do, 


Is the best mixture where the corrosive principle is 
not heeded. 

Messrs. Bley, Brothers, were the first manufacturers 
who turned their attention to making waterproof 
copper caps for sporting purposes, commencing it in 
1837. Tho principle is simple, the excellence mainly 
consisting in the quality of the ingredients used, and 

_ their being thoroughly secured from the effects of 
moisture. They are so constituted that the largest 
portion of the percussion powder and the weakest 
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part of the waterproof covering which lines the inner 
surface of the cap, are immediately over the surface 
of the nipple; consequently, when the blow ignites 
the percussion powder, the larger portion of the 
explosion is forced down the nipple, and is of such 
intensity of heat (especially in platina-lined nipples) 
that it will ignite the gunpowder some distance up 
the barrel; in an eprowvette it will do so at four or 
five inches from the nipple. A miss-fire thus very 
seldom occurs, as the heat is sure to penetrate to the 
charge, even when a gun has become foul after along 
day’s shooting and the powder cannot pass freely 
through the chambers to the nipples. It is well 
known that caps which do not possess these igniting 
qualities may be fired through gunpowder, and fre- 
quently fail to ignite it, from the want of proper 
attention to the constitution of the fulminate and its 
mixture. In all cheaply manufactured caps this 
inferiority is sure to prevail, and the manifold advan- 
tages to be derived from the sterling quality of all 
sporting adjuncts is now fully appreciated by sports- 
men generally, ‘Penny wise and pound foolish” is a 
proverb more borne in mind than formerly, and the 
conviction is now general that a good gun only proves 
to be so when proper attention is paid to the loading 
in every particular, 

Good wadding is as essential as good gunpowder: 
a perfect separation must be maintained between the 
exploded powder and the shot, or no result can be 
depended upon; cheap wadding, therefore, according 
to the above adage, is out of favour. 





ON SHOT, CAPS, AND WADDING. 439 


Cartridges of wire, or “universal,” are now so well 
known as to need no treatise to point out their advan- 
tages. A more striking example of the progress of 
knowledge in properly estimating the value of high- 
class manufactures cannot be adduced than in the 
case of Eley, Brothers, who have by unwearied in- 
dustry in the production of sporting ammunition of 
the first quality, nearly obtained a monopoly in that 
department of gunnery. 

I can safely refer to the Manufacturers to be found 
in the advertising list as able to supply the sportsman 
with all requisites, from a gun “ to a turnscrew,” and 
on such terms as will be found to be advantageous to 
the purchaser. 


FINIS. 


Loxpon: 
Parvrep sy Surra, Euper axp Co. 
‘Larter Gueex Annovn Count. 


2 ADVERTISEMENTS. 


gating and meet with the greatest encouragement. Under 
these circumstances he has judged it best to avail himself of 
the means offered of producing, without “egotism,” guns 
equal, if not superior, to anything yet produced by any maker 
whatever. This may be considered a wide assertion, but to 
prove he does not make it rashly he is prepared to test the 
fact by a competition with any maker whatever, barring 
none; to be decided by the following five points: Ist, safety 
—the greatest difficulty in bursting; 2ndly, lightness; Srdly, 
goodness of shooting—strength and closeness combined with 
the least charges; 4thly, durability; Sthly, beauty and taste 
combined. 

‘He considors ita crime of great magnitude that guns should 
burst; they never do ao where proper metal is used. He will 
produce an ordinary weight of barrel which he will allow any 
one to burst if they can; in fact, he believes it to be the greatest 
difficulty to do so. 

W. G. will undertake contracts for quantities of arms sub- 
ject to private arrangement, such as military arms, shipping 
ditto, riflos or sealing guns, for foreign powers or private com= 
panies, provided in all cases the quality be sufficiently good. 
to enable him to brand thom with his name; anything inferior 
he declines to make. 


‘The prices of his guns are as under:— 


but not 40 highh complete 
Double gan, ina quality, same material, 
but not so highly finished, case complete 
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Double rifle, excellent quality, stubs Damas- 

cus, no case 
Double gun, excellent quality, innate 
Doutie ni mgood. 

uble rifle, 
Double gun, good. 
Double rifle, no engraving, &c. 
Double gun, tto 
Very best single rifles, superior style and 

finish, case complete. .. 
Second quality, ese 


Paes, ie i 
Sealing rifles 
Very Best single gun, case comple 
Second quality, with case ... 
Good quality 

Plain, ditto ... 
Sealing or other guns in quantity .. 
Enfield musket percussion, swivel locks 
Enfield rifle, plain ditto 
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The above includes every size which can be fired from the 


shoulder, 


Pistols, Cutlasses, Pikes, &c., supplied on the most moderate 


Terms. 


Business done for cash on delivery only. 


Foreign Bills for orders payable in London, or reference for 


payment in any part of England. 


N.B.—W, G. now manufactures a very superior double 


waterproof copper and iron cap. 
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E. BAYLIS AND SON, 
Manufacturers of 
EVERY DESCRIPTION OF MILITARY 
ax 
SPORTING IMPLEMENTS, 
DOG-COLLARS, HANDCUFFS AND LEG-IRONS. 
taie to the Honourable Board of Ordnance. 


BT. MARY'S SQUARE, BIRMINGHAM. 





THOMAS DERRINGTON AND SON, 
Dealers in 
GUN AND PISTOL STOCKS, 
WHOLESALE AND RETAIL. 


A large quantity of fine well-seasoned Gun-stocks always 
on hand, 


WALNUT TREES, WALNUT PLANKS, OR STOCKS, BOUGHT. 


REED'S BUILDINGS, SHADWELL-STEEET, BIRMINGHAM. 


ADVERTISEMENTS. 


PHILIP WHBLREY, 


84, WEAMAN STREET, BIRMINGHAM, 
PRESENT CONTRACTOR TO THE HON. BOARD OF ORDNANCE, 


PATENTEE OF SAPETY REVOLVING PISTOLS, 


P. WEBLEY respectfully informa the public, that he is 
prepared to supply in any quantity his 


PATENT REVOLVING PISTOLS, 


which he can confidently recommend, as they ombrace 


all latest improvements with the greatest possible sim- 


plicity of construction, and are pronounced by men of 
experience, both civil and military, to be most efficient 
Wweapone, 





ADVERTISEMENTS. 9 





BY HER MAJESTY'S ROYAL LETTERS PATENT. 


MOORE AND HARRIS, 


IMPROVED FOWLING AND RIFLE GUN, AND 
PISTOL MAKERS, 


ST. MARY’S SQUARE, BIRMINGHAM. 


Improved Breech-Loading Guns, Repeating Arms, and every 
approved article in the above line, 





BY HER MAJESTY'6 ROYAL LETTERS PATENT. 


PURSALL, PHILLIPS AND SON, 
MANUFACTURERS OF T. STARKEY AND CO.'S 
CENTRAL FIRE WATER-PROOF SAFETY CAP, 


CONTRACTORS TO H, M’8 HON. BOARD OF ORDNANCE, 
AND TO THE HON, EAST INDIA COMPANY, 


MANUFACTURERS OF 
PERCUSSION, IMPERIAL, AND ANTICORROSIVE COPPER 
CAPS TUBES. 


Primers, Cartridges, Ge. of every description, Chemically Prepared, 
and other Gun Waddings, 


22, WHITTALL STREET, ST. MARY’S SQUARE, BIRMINGHAM. 
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RIFLE MAKER TO THE WAR DEPARTMENT. 


‘WILLIAM TRANTER, 


INVENTOR, PATENTEE, AND 
MANUPACTURER 
ow Tue 
DOUBLE-TRIGGER SAFETY 
REVOLVERS, 
DOUBLE ACTION COCKING 


REVOLVERS, 


REVOLVING 
CHAMBER RIFLES 
AND CARBINES, 
OSCILLATING 
BREECH-LOADING 
RIFLES, 
LUBRICATING 


BULLETS, &c. 
DOCARE TROGGKE ARVUGYER. 


13, ST. MARY'S SQUARE, BIRMINGHAM. 
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W. R. PAPE, 


GUN AND RIFLE MAKER, 
44, WESTGATE STREET, NEWCASTLE-ON-TYNE. 


Possesses the highest practical knowledge of what 2 Gun 
ought to be for general sporting purposes, and the fact of 
submitting every Gun to the severest tests, before being 
finally finished, gives him every confidence in stating, that 
for shooting powers and other good qualities, his guns cannot 
be excelled by any maker whatever; for proof of which, see 
the amount of shooting at Ashburnham Park, London, on the 
9th April 1858, in the Field Newspaper of 17th April, 1858, 





THOMAS KILBY AND SON, 


GUN BARREL MANUFACTURERS, 
11, COURT, STEELHOUSE LANE, BIRMINGHAM. 
Every description of Double and Single Barrels, Rifle and 


Revolving Pistol Barrels, warranted equal to those of any 
other Manufacturer of the day. 


COUNTRY ORDERS PUNCTUALLY ATTENDED TO, 


ADVERTISEMENTS. 





ELEY’S AMMUNITION. 


ELEY BROTHERS, Lonnox, beg to call the attention of 

Sportsmen to the advantages to be derived from the use of 
the Wire Cartridge, in the pursuit of all kinds of large or 
small game, 
As there aro few Sportsmen who are not in the habit of 
using these Cartridges, they are eo well known as to make a 
description of them scarcely requisite. The shot is packed 
within a wire cage, which is constructed so as to allow them 
to escape from it gradually while the charge is in motion. 
They cause all guns to shoot with double the strength which 
can be obtained by tho ordinary mode of loading, and with 
much greater regularity, as cach shot retains its spherical 
form. 

The Royal Cartridge is mostly used in this country for 
killing wild game, 

‘The Green Cartridge is the sort generally in demand for 
India and America, being made for foreign field sports with 
tho largest drop shot, and also with mould shot, and will be 
found very effective at large game where the Sportsman has 
not a rifle in the field. 





ELEY’S 
DOUBLE WATERPROOF CENTRAL FIRE CAPS. 


‘These Caps are now well known and approved, being 
found superior to all others for their certainty and rapidity of 
fire, cither in dry or wet weather, 

For India and the Colonies, or any climate where Caps 
may be exposed to great vicissitudes of heat, cold, or 
moisture, they are particularly recommended, as they cannot 


; 





it 





bo injured by any amount of exposure to wet or heat, nor 
their qualities impaired, if kept for years in a tropical 
climate. The ignition at all times is safe and certain, whilst 
in humid weather, the discharge ix as instantaneous as with 
the ordinary Cup on the dryest day. 

For testimonials as to their value for shooting in India see 
‘Colonel Jacob’s work on “ Rifles and Projectiles.” 

They have been much approved for the rifle in foreign 
fiold sports, where the Cap is often allowed to remain a long 
time upon the nipple. 

Being perfectly waterproof, they will bear immersion in 
sea-water for days without injury; but when testing them in 
this manner, it is necessary to blow the water out of them 
before placing them upon the nipple. 

Concaved Felt, and chemically prepared Cloth Gun Wad- 
dings, to prevent the leading of guns, warranted not to blow 
to pieces in the barrel, 

Cartridges for Breech-loading Shot Guns, Rifles, &c.; also 
for Sharp’s Breech-loading Rifles, and Prince's Breech-loading 
Carbines. 

Cartridges made for Needle Rifles, very simple and 
effective in their construction. 

Skin Cartridges, suitable for Adams’, Doane’s, and Colt’s 
Revolvers—warranted to leave no deposit when fired. 

Also Rifle Shell Tubes, as manufactured by diroction of 
Colonel John Jacob, of the Bombay Artillery, and every 
description of ammunition for sporting or military purposes. 

Sole Contractors to the War Department for Wi 
Military Caps, Revolver Cartridges, Jacob's Rifle Shell 
Tubes, &e. 

Eley’s ammunition may be had of all Gunmakors and 
Dealers at home or abroad. 


ELEY BROTHERS, LONDON, 
(wnouesane oner.) 
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SMITH, ELDER & Co, 


NEW WORKS. 


Notes on the Pictures in the Exhibition of 
of the Royal Acaidemy, Se . for 1858, By Jomy Resxis. 
tro, price One Shiling, ‘(Nearly Ready.) 
The Chaplain’s Narrative of the Siege of 
Dethi. By the Rev. J. E. W. Rorrox, Chaplain to 
the Forces, a Sr 
Post Bo, with a Plan of the Cily and Sie 
Be, with a of ly fiege % Resiy) 
Lectures and Addresses on Literary and Social 
Topice. By the late Rey. Fnen, W. Rozentsox, of 
Brighton, 
Past Seo, (dn the Press’) 
The Education of the Human Race. Now 
first ‘Translated from the German of Lrssixa, 
Post Boo, antique sloth, price, 
Indian Scenes and Characters, Sketched 
from Life. By Prince Anexts SovrrKorr. 
ed ‘cith Colomiier Fetio. 
isin Plats i Tied Ltoyopl, with Deepens. Cotenber Flin, 
Christianity in India. By Jows Win Kare, 
Author of Ate oF (Kare EERE &e. 
(Ii the Pres) 
Life and i of Lord Metealfe. 


By Joux Wiiisam Kaye. 
Ne nh Edition, in? Vola, Small Port tro, with Portrait, 120. cloth, 
So noth ee elites 
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NEW PUBLICATIONS. 
The Defence of Lucknow: 1 Duny recording the 


Daily Events of the § from Sst May to 25th 
September, 1857. By a Srarr-Ovricen. 


ity tay oe 


thn mey ofthe glorious guerson cf Lek 
Narrative of the Mission 


General of India to the Court of Ava in 1855, With 
Notices of the Country, eS and People. By 
ineers. 


“ The genuine, honest utterances of of sce, 
fuermananne, ater oneoured act | tee 


mal ‘eae ty i gna he dal ap 
cee asa ti 


British Rule in India. By Honeer Manrnav- 
Price 9s, Gc, cloth, 
\ ee “4 ecinck an compreeadve yobue 
elon Of rig adie: Ceaaea 
lited Lew 
ae Tate Dalton Secretary Persian 2, pa 
Force, Deny 8v0, prive 12s. cloth, 


a Copenaeng of India. By B. A. Inviwa, 
uthor of eebe and Prictico of Casto.” 
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NEW PUBLICATIONS—continued. 


Tiger Shooting in India. 
By Lrevrevaxr Woarat Rice, 25th Bombay N. 1 
Royal $00, With Twelve Plates in Chroma-lithography. 2s. cloth. 


The Autobiography of Lutfullah, a Mohkame- 
se eerie eee an Actount of his Visit to England. 


Papers of the late Lord Metcalfe. 

Selected and Edited by J. W. Kayz, 
‘Demy 800, price Ur, eoth, 

The Life of Mahomet and Hi of Islam to 
the er Hegira. By fit a Ten 
Civil Service. 

i Pekar Par slaa ca 5 4 

Seas eaaroeaa: [Eee 


i 
‘The work Is at once ‘and 
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WORKS OF MR. RUSKIN. 
Political Economy of Art. Price 24. 6a. clothe 


See ee ee 


The Elements of Drawing. 


Second Edition, Crown 8vo, With 


Beauty. 
Imperial 800, with Thirty-floe Tlwstrations 
116 Woordeuts, drawon by the 





Modern Painters, Vol. TIT. Of Many T 


With Bighteen Tilestrations drawn ly the Author, awl engraved ow Si 
Prive 88s, cloth, 


ee 
meee 
end holy. Bity atyle bs, a 
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WORKS OF MR. RUSKIN—tontinued 
Modern Painters. Vols. I. and I1. 


Unp. 800, Vol. I, 5th Edit, 18s. cloth. Vol. 11., 4th Edit., 102. €d. loth 


The Stones of Venice. 
‘Complete in Three Volumes, Imperial 8v0, with Fifty-three Plates and 


numerous Woodeuts, drawn by the Author, Prive tl, 18s, Od, efeth, 
RACH VOLUME MAY NE HAD SEPARATELY. 

Vor. 1. THE YOUNDA'TIONS, with 21 Mater, price 2 2% 

Vor. IL THE SEA STORIES, with 20 Plates, price 2h 2s. 

Vou Ht, THE PALL, with 19 Plates, price 1h 1a 6. 


“This beck ls on8 which, ‘no othr | of an earnent, 
ran eauld bare writen, bad one har which | frened inl. he 
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RECENT WORKS. 
Russian Princesses in the Cau- 








Victoria, and the Australian Gold Mines, in 
1857; with Notes on the Overland Route. By Wie 
‘LIAM RSTGARTH, 
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RECENT WORKS—contiaued. 


The Life oj anes Bronte. 
re a > «Semen? «Yi 
iY hae Gasteu Autor of “Navan Sou? de 


Third Edition, Revised, Tico Mp -sexcbird br, sical scans 
and a Me Peneraeees ul Parsonage. Price 
Pee 4 at} Tite of 


icer’s Manual; being a Com- 
pendium Duties «Commander Firat, Second, 
id ond Foueeh 
Midshipman in the 
Pamsu, of the Eust 

Snail Post $00, 


price 85. 

“A toold sod mancal. pre A logo! entre ‘that to be in 
Wo would reconvent oubre nient upon & fount wan tees 
Msaring ie to aad ike athena. 


Third Series of Sermons. 
the Inte Rey, Frep, W. Ronenteox, A.M., Incumbent 
a ‘Trinity Chapel, Brighton. 
‘Second Edition, Post 8e0, with Portrait, price 94. eloth, 
FIRST SERIES—Fourth Edition, Post 800, prite 9x, loth, 
SECOND SERIES—Fiorth Eiiton, price 9x, eth 
hes Peed ae tare se en bmee 


tormast of and Secoured by ito 
aren Se ee, Skewers int at 


Antiquities of Kertch, and Researches in the 


‘Mads rer 

of the Madras ld Gentine PROS. MAL, 
of Hospitals, Tur! 

salicbeerger pera tc, apeleye te 


‘itechuting 
spleens a on sive ae 





WORKS PUBLISHED BY | 
REC! wi 


ORKS—continued, 
Annals of British Legislation, a Classi 


Sieweaty Parliamentary Papers, Yedited by 
FESSOR eee, i 


‘THE TWENTY-SHOOND PAT 18 JUST INSULD. 
S| ieee arc bare 
ead than 
Tt would 166 be eany to overestimate tho Is tony ‘Woorer-eotimale Ite usefulness — 
utility of Profeor Levi's serial, st bas the | Cyevi: Gasette, 


etd gift Sermons of Tauler. 
Miss Susanna Wrxxwortn. With a 
Sines by the Rey. Cuanizs Kixasney. 
Sal de, Printed om Tate Paper, al bread i agen sy i rt is 


A Visit to Salt Lake ; bein ng a ToMraes) dear 
the Plains to the Mormon Settlements at 
Wirriaa Caanpuras. 

Pout 80, with a Map, price 9s, cloth, 


The Political Life of Sir Robert Peel. 
By seek, ‘Dovaumnss, 
‘olumes, Crown 800, rice 80s, cloth. 
The Hevieth ecitatiaas of 1848. 
By Epwarv Cartry, 
Two Folumes, Crown 8vo, price 1s, cloth, 
Signs of the Times; or, The Dangers to Reli- 
Viet tae + in the Present Day, By the Caevanien 
‘Translated by Miss Svaaxxa Wexkworta. 
Volume, 8x, price 16s, cloth, 
Stories and Sketches. By Jawrs Parx. 
Post 80, prica Bs, Gd. oloth, 
Stoney’s Residence in Tasmania, 
Demy 820, with Plates, Cuts, and a Map, price 14. lath. 
The Court of Henry VIII.: being a Selection 
f the Despatches a Sxnasman Grosmxtax, Venetian 
Ambassador, 1615-1519. ‘Translated by Rawnox 
Bnowy. Two Wolt,, crown 8vo, price 212. cloth. 


Sight-seeing in ore and the Tyrol, in the 
™ 
” &e. 





Autumn of 1855. re Joux Fonmis, Author of 


“hk Physician's) 
‘B00, with ‘Mop coed View price 10s. €2, cloth, 
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RECENT WORKS—vontinwed. 
Conolly on the Treatment 0 the Insane. 
Demy 800, price 1 
Hopkins's astink of fi Av 
Morice's Hand-Book of British Maritime Law, 
Bro, price $4, cloth, 


Adams's Butory, and Topography of the Isle 
OF TG na Sind kn th lk ps pa TS 


Wari og of Tere 
Vogel on Disorders of the Blood. 
Translated by Conner Cooman Dey. 
‘0, price Ts. 64. cloth, 
Duncan's Campaign with the Turks in Asia. 
post 8to, price 914, cloth, 
Ross's Account of Red River Settlement. 
One Volume, post Roo, prive 10, td, els. 
Rosi F Fur Fs Hunters of the Far West. 
‘olumes, post 800, agit ‘Ts. eboth, 
Russo Turkish Ca: at ag Gog NRT 
By Coroxet Cua RA, CL, ERS. 
Third Edition. Post 800, with mapas price We, cloth 
Thomson's Military Forces and Tustitetions 
of Great Britain. 
‘8109, price 154, cloth. 
The Militiaman at Home and Abroad ; being 
the History of a Militia Regiment. 
With Two Btchingy, by Joux Laxem, Post See price 9s. olathe 
Levi's Manual of the Mercantile Law of 
Great Britain and Treland. 
Bee, price Lae, cloth, 


agape Laws of War Affecting Commerce 


‘Second Halton, greatly evlarged, tev, price 4a, td. boards 
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WORKS ON INDIA AND re aol 
Tracts on the Native Army of India. 
Jacoz, C.B, Yo Hirst 
cag er Ma See 
iad dy i ‘00, price 2 Tae 
The English in Western India ; being the Early 
iyo Pn oS of Ba By Pamir 


‘Second Ealition, Beo, price 144. eloth. 
Life in Ancient India, By Mrs. Svuin. 
ith Sixly Mustrations by G, Scmanr. ces ee 


the wheheia no ort & 9a ie taesped Lite saat Peet 
cnet cei. a ean perdi | of rr pat ‘ha yeh 


“Wh lave he Desh te ‘Tie book vier a 
ecg rer Genres ta ave, the Dest i duces qv upe 


The aot Kistnah, and Godavery : se 
vere, 


on the Win? Sonatracted iy those Rit 
: Bui Sunn, BGS Lt.-Col. Deng 
a my ae 


The Chae and a Rebellions. 
By Tuomas Tartor Meapows, 
care SES eet oe 
Sen es ‘work whl a |e Linen lee 
Review of the ‘Massares\ ailozinli opted in India for 
the Improved Culture of Cotton. “By Dr. Fonses Rovix, 
Bea, 25. 6d. cloth. 
The Fibrous Plants of India fitted for 7 Cone 
Clothing, and d. Paper i sage ff 
price 12s. cloth. 
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WORKS ON INDIA AND THE EAST—ontinwed. 


On the Culture and Commerce of Cotton in 
India. By Dr. Fornes Rorte. 8vo, price 182. cloth. 
The Productive Resources of India. pigee ee 

Rorte. Super Royal 8vo, price 14s, cloth. 
A gree aay with some Account of the Hill 
‘Coloured Plates, 8vo, price 14s. 
aig Travels and Adventures in Assam. One 
Volume 8yo, with Plates, price 12s, cloth. 
Dr. Wilson on fh Western India. 
Tee ae Ms 
Rev. J Coley’s Journal of the Ce 
Yop oe elke Se 
Crawfurd’s Grammar and Dictionary of the Malay 
Language. 2 vols, Svo, price 36s, cloth, 
Roberts's Indian ¢ Tables, 8vo. Second 
Edition, enlarged, price 10s. 6d. cloth. 
Waring on Abscess in the Liver. 8vo, price 8s. 6d. 
Laurie's Second Burmese War—Rangoon. Post 
8vo, with Plates, price 10s. 6d. cloth. 
Laurie's Peg. Post 8vo, price 143, cloth. 
' Turkish th ter: Grammar the 
ge gees ee 
nells Indian Commercial Tables. 
Bestel. Fadion. om’ Royal 8vo, 
The Bombay Quarterly Review. Nos. 1 to 9 at 58, 
10 and 11, price Ge. 
Bailtie’s Land Tax of India. to the 
Moohuramudan Law. So ee ae goonies 
Bails ee Law of Sale. 8yo, price 


Frings Tey ond Practice f Cte 8yo, price 


Ging te Ceremonial Ey aroane of the Chines. 
Bvo, price 9, cloth, 
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CHEAP SERIES OF POPULAR WORKS. 
‘In Small Post 8vo, with large Type, on good Puper, and neat cloth 


binding. 

Lectures on the English Humourists of the 18th 

Century. By W. M. Tirackeray, Author of “Vanity 
"The Virginians,” &e, Price 22, 6d. cloth. 


British Rule in India. By Hanmer Manmsnav. 
Price 2a, Gd cloth, 


The Political ssoraiclee ey Art. By Joux 
Russi, M.A, Price 2s, 
TO BE FOLLOWED BY 
The Town; its Memorable Characters and 


Events. By Lina Howr. 
With as Cuts. 


AND OTHER STANDARD WORKS. 


CHEAP SERIES OF POPULAR FICTIONS. 
Well printed, in lay, on and 
Penta et Ue a Boon raters strongly 
By Conner Bern. Price 2s, 6d. cloth. 


tee pba 
‘felicity in the dew ‘of nataral 
See ey sees ome | ee 


Shirley. By Corner Brun. Price 20. 6d. cloth. 


Villette. By Conner Bert. Price 22, 6d. cloth. 
tue Eatar"f "June Syne and Suey! | Zeeminrss ns Sad RONAN Na 


Wuthering Heights and Agnes Grey. By Bxaxs 
and Aoron Bett. With Memoir by Currer Bell. 
Prive 2s, 6d. cloth. 


TO BE FOLLOWED BY 


A Lost Love. By Asurorn Owes. (Sust Rendy.) 
Deerbrook. By Hanerer Manviweav. 

School for Fathers, By Tasaor Gwessz. 

Rose Douglas. 


‘a 

















SMITH, ELDER & CO. 
NEW NOVELS. 


(vO De HAD AT ALL Limmagses). 
The Crustent Wrong of All. poetics soe! 
“ Margaret ; or, Prejudice at Home.” 1 vol. 
The Moors and the Fens. By ¥. G. Tnarvonn. 
3 vols. 


SERENE ener 
Spin ower ‘natural, and ukitfully worked 
Gaston Bligh. By WL. § Lavexv, Author of 


“Erlesmere.” 2 vols. 
sein, ton ents goed story, samiray | A charming wor of Selion—2forming 


Svea cmaue S| cea we 
The Three Chances, By the Author of “The Fair 
so karma) «Be 
The Wiis House by the Sea: a Love St 
By M. pera ts ent 2 vols. a 
Riverston. By Gronouxa M. Cra. 3 vols 
The Professor. By Curnen Brut. 2 vols. 
The Noble Traytour. A Chronicle. 3 vols 
Farina ; « Legend of Cologne. 
B Groxoe Meneprrx, Author of “The Shaving 
of Shagplt” vol. Post 8vo, 10s. 6d. cloth. 
Below the Surface: a Story of English Country 
Life. 3 vols. 
The Roua Pass ; or, Englishmen in the High- 
lands. By Entoe Mackenviz. 3 vols. 
Kathie Brande: The Fireside History 
Quiet Life, Horan Lex, 
Massenger, ae ‘horney Hall," &e. 
Friends o, ‘Bohemia s or, Phases o, 
Life. E. M. Wmrrtr, Author of “ 
ing Classes.” 2 vols., post Svo. 
Lucian Playfair. By Tromas Mscxexs. 3 vols. 


‘the 











NOVELS FORTHCOMING. 
By Hous, 
kg or ee 
Maud Skillicorne's Penance. 2 vols. 
My Lady. 2 vols. 
An Old Debt. 2 vols 
Mutation. 3 vols. 
Old and Young, 1 vol. 


NEW BOOKS FOR YOUNG READERS. 
Cncle Jack, the Fault Killer. 
Four TMustrations, 


Price 8a cloth, 
satay ato ee | Zia‘esenton® anes "le Ones 


Willie's Birthday ; showing how a Little Boy 
did what he Liked, and how he Enjoyed it, 
With Four Hastrations, Price Bs 6 cath. 


Willie's Rest: a Sunday Story. 
wih i mea 6d. cloth, 
« ta! Seem A 1" well 
sey ago he | Pie ee orf Mee 


Round the Fire: Six Stories for Young Readers. 
Square 16mo, with Four IMustrations, price 8, elo. 
“ Charmingly written talee for the young." |" Simple und very tnteresting,'*Sationel 
“fae alight to storoe."—Guardion. | "Prue chidran's soviet "—iNeninre 


The King of the Golden River ; or, the Black 
Brothers. “By Jomx Ruaxrs, M.A. 
Third Edition, pe bib A Doris, Price ta td, 
‘Tats Little fancy tale te by aimaster-hand, Tho story has a charming mmnal,"—Sreminer, 


The Rose and the Ring eg or ts ee 
Prince Giglio and Prince Bulb, By Ma. 
‘Tirmansn. 

With 58 Cats draws by the Author, Sed Edition, price Se, 











SMITH, ELDER & CO. 


MISCELLANEOUS. 


Works on Social Eeonomy. Uniform in 

foolscap 8vo, half-bound, 

L—OUTLINES OF SOCIAL ECONOMY. 1% 6 

IL—PROGRESSIVE LESSONS IN SOCIAL SCLENCE, 
ML—INTRODUCTION TO THE SOCIAL SCIENCES, 21, 
IV —OUTLINES OF THE UNDERSTANDING. 26. 

V—WHAT AM 1? WHERE AM I? WHAT OUGHT I TO 

DOF ke. 1s, sowed, 


Swainson's Lectures on New Zealand. Crown 8vo, 
Price 2e, Gd. cloth. 
Swainson's Account of Auckland. Post 8vo, with a 


View, ee s loth. pay = 
dition, Price 2. pees cloth. 
Sir Jha i a Memorandums in Ireland. Two 
Vols, | pee rice 11, 12, cloth. 
Leigh Led and Books. Two Vols. 


Table Talk. 3s. 6d. cloth. 
Wit and Humour. 5s. cloth. 
——_—— Jar of Honey. 5s. cloth. 
Sir John Herschel's Astronomical Observations made 
at the Cape of Good Hope. Ato, with plates, price 4. de, ney 
Darwin's Geological Observations on 


Voleanic Islands, and on South America, With snmpe, plese, 
and woodcuts, 10s. 6d, cloth. 


Levi's Commercial Law of the World. Two Vols., 
dk hey re a 
fuven eae bigs oe, 


Byo, 16s. cloth. 
McCann's Argentine Brocinosty roe Two Vols. 
post 8vo, with illustrations, 
Rouwerofts Tales ofthe ‘Colonies, Sixth Bait. Gs. cloth. 
Goethe's Conversations with Eckermann. 


Kavvnaghts Wome ref Chrlatianly Eemplar ie 

a 's Women of Christianity 

Piety and Charity, Bible goa in 
embossed cloth, gilt edges, 





